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Dogs GO for it— 
Pups GROW on it! 


NUTRENA Dog Food is made to a Biological Standard—it 
has been put through hundreds of exacting tests in labora- 
tories and kennels, by Veterinarians as well as dog breeders. 
NUTRENA is easy to feed—economical—palatable—and 
nourishing! Exactly what dog owners are looking for! 


You can make money selling NUTRENA Dog Feed. We 
have a liberal profit plan which will derive added income 
for you. May we send full details to you and a FREE 
professional sample? Just address Nutrena Mills, Inc., 
Kansas City, Kansas. 
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Hill Packing Company States 
Its Case 

In the April, 1938, issue of VETERINARY 
MEDICINE (page 151) it was stated that the 
first dog food to advertise the approval of 
the American Animal Hospital Association 
alvertises its product in Wichita, Kansas, 
at $1.60 per case. 

The Hill Packing Company of Topeka, 
Kansas, states that because of their loca- 
tion, readers of VETERINARY MEDICINE 
may infer that these prices refer to their 
canned dog food, and that the prices given 
are inaccurate, for this company, since their 
dog food sells to wholesale dealers in 
Wichita at $1.80 per case less 2% 10 days. 
Owing to their facilities for manufacture 
they are able to place 3¢ worth of material 
into each can and not just 4¢, as was stated 
in the paragraph referred to above. (If the 
material which they place in a can of dog 
food were purchased on the market at 
prices quoted for similar beef materials the 
value in the can would be at least 114¢ per 
can higher than the figure given.) 

On this allowance of 3¢ for the contents 
of the can they are able to make a good 
dog food as demonstrated by both chemical 
and biological tests by competent authori- 
ties. C. G. Biack, 

Dog Food Division, 
Hill Packing Company. 


Topeka, Kans. 


Our Position 

Anyone who feels himself aggrieved by 
anything published in VETERINARY MeEpI- 
CINE has the privilege of stating his case in 
a subsequent issue of the magazine. The 
same condition obtains with firms. In the 
adjoining column the Hill Packing Co. 
exercises this privilege. Ordinarily such 
statements are published without comment. 
In this instance to avoid misinforming read- 
ers it seems necessary to state: 

When the paragraph referred to on page 
151 of the April issue was written, there 
was before the writer an advertisement in 
a Wichita paper quoting Hill’s dog food at 
$1.65 per case less 2% for payment in 10 
days (net $1.617); an advertisement in a 
Wichita newspaper quoting the same food 
at retail at 4 cents per can, and a statement 
from a Wichita dealer that this food was 
selling at $1.60 per case and that the manu- 
facturer paid for one advertisement in 
Wichita papers for each sale (wholesale). 

As to the manufacture of canned dog 
food in general, it may be said: Taking the 
selling price of a dog food as stated it 
analyzes thus: $1.80 less 2% makes it 
$1.764 per case, 3.7 cents per can. The 
cost of the can is 14% cents and of the label 
and carton 14 cent. These prices are stand- 
ard and on being deducted from a price of 
3.7 cents leave a manufacturer less than 
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A night view of Lower Manhattan Island, where the 75th annual meeting of the A. V. M. A. will be held 

July 5-9, 1938. The Empire State building with the mooring mast atop it on the right, the Chrysler tower 

on the left, and many other noted buildings will be recognized in this splendid illustration. The lights of 
Brooklyn are visible in the background, and the famous Brooklyn Bridge across East River. 


2 cents per can for manufacturing, selling, 
freight, profit, and what goes into the can. 
The cost of manufacturing, selling and 
freight and the overhead and profit natur- 
ally vary with different manufacturers, but 
on the average they amount to more than 
1 cent per can. What is left of the selling 
price cam go into the can. 

Although it is beside the point of the 
present discussion it may be well to state 
that the paragraph alluded to was not writ- 
ten on a sudden impulse. It will be recalled 
that the bearing of the price on quality of 
dog foods has been discussed repeatedly in 
VETERINARY MEpICINE and it has been 
pointed out (Jan., 1935, p. 13) that it is 
desirable that what goes into a can of dog 
food should represent at least 40% of the 
retail selling price of the food. Also that 
the contents of a can of high class dog food 
can be compounded from four cents worth 
of material and that such a can must of 
necessity retail at approximately 10 cents. 
Possibly some reduction in prices (cans, 


labels), since the foregoing was published 
and improvements in manufacture and dis- 
tribution, may justify a reduction in the 
retail price to eight cents at present. 
If it sells for materially less the manufac- 
turer or the dealer or both must forego 
legitimate profit and probably sustain a 
loss as well. Except within exceedingly 
narrow limits, the only place money can be 
saved in placing a can of dog food on the 
market is in the contents of the can. Other 
costs are largely beyond the control of the 
manufacturer. 

In this connection we may add that con- 
trary to what some have assumed, no criti- 
cism of the American Animal Hospital 
Association, for permitting the use of its 
seal by any of the three dog food companies 
authorized to use it, was made in the para- 
graph referred to. The seal simply states 
that on test the foods are found as repre- 
sented in the labels. The paragraph re- 
ferred to was not a discussion of labels, but 
of price as it influences quality. 
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The New Chief of the Veterinary 
Corps 

May 3, Lt. Col. R. A. Kelser became 
chief of the Veterinary Division of the 
Surgeon General’s Office in the War De- 
partment, succeeding Col. R. J. Foster, 
whose four-year tour of duty in the Sur- 
geon General’s Office ended April 30, 1938. 

Colonel Kelser’s advanced training in- 
cludes courses leading to the degree of 
D. V. M. at George Washington University 
(1914) and M. A. (1922) and Ph. D. 
(1923) at The American University; 


graduate work at Johns Hopkins and at 
Harvard Universities. His experience be- 
fore entering the army includes: bacteri- 
ologist with H. K. Mulford and Co. and 
service in the Pathological Division of the 
federal Bureau of Animal Industry, U. S. 
His military 


Department of Agriculture. 
experience comprises : 

Commissioned second lieutenant, June 1, 1917. 
With the late Major S. H. Gilliland, organized the 
first Army Veterinary Laboratory in the United 
States, at the School of Veterinary Medicine, 
University of Pennsylvania, Philadelphia. This 
laboratory conducted various diagnostic procedures, 
manufactured mallein and in addition, served as a 
school for the instruction of veterinary officers in 
laboratory work. In May, 1918, he organized the 
Veterinary Division of the then Western Depart- 
ment Laboratory at Letterman General Hospital, 
Presidio of San Francisco, California, and served 
as chief until January, 1919, when he assumed 
command of the Philadelphia laboratory. In the 
meantime, he had been promoted to the grade of 
first lieutenant on June 4, 1918, and to captain 
on October 11, 1918. 

With the termination of the World War, he 
supervised the moving of the laboratory from 
Philadelphia to the Army Medical School in 
Washington, where he installed it and served as 
its chief until June, 1920. He was commissioned 
a Captain, Regular Army, on July 1, 1920, and 
shortly thereafter joined the 5th Division at Camp 
Gordon, Georgia. He moved with the Division to 
Camp Jackson, S. Car., where he remained until 
July 6, 1921. From July 7, 1921, to February 25, 
1925, he was again in command of the Veterinary 
Laboratory Division, Army Medical School, Wash- 
ington, D. C., and in addition, served as an in- 
structor in bacteriology, infectious diseases, etc., 
in the Army Medical and Veterinary Schools. 
From April 17, 1925, until March 24, 1928, he 
served as a member of the Army Medical Depart- 
ment Research Board in Manila, P. I. While on 
this detail, he developed an improved type of 
rinderpest vaccine which played a very large part 


Lt. Col. Raymond Alexander Kelser, D.V.M., A.M.., 
Ph.D. Chief, Veterinary Division, Surgeon General's 
Office, War Department. 

Although military affairs are his primary concern, 
Colonel Kelser’s interest in other scientific matters 
is indicated by the associations to which he belongs, 
which include: American Veterinary Medical Asso- 
ciation; American Association of Pathologists and 
Bacteriologists: American Association of Experimental 
Pathologists: American Society of Tropical Medicine: 
Association of Military Surgeons of the United 
States; Fellow of the American Academy of Tropical 
Medicine; Fellow, American Association for Ad- 
vancement of Science: Fellow, American Public 
Health Association: honorary member of Beta Chap- 
ter of Phi Zeta. 


in the eradication of that plague from the Islands. 
In August, 1928, he was again returned to the 
Army Medical School at the Army Medical Cen- 
ter, Washington, D. C., where he became chief of 
the Veterinary Laboratory Division and taught in 
the Medical and Veterinary schools. In June, 1933, 
he was sent to Boston, Mass., where he was Corps 
Area Veterinarian, First Corps Area, and veteri- 
narian of the Boston Quartermaster General 
Depot. In addition, he was assigned to Harvard 
University Medical School to carry on research 
with filterable virus diseases. The university paid 
him the honor of appointing him a Research Fel- 
low on the staff of the Medical School. In Sep- 
tember, 1935, he was ordered to Panama to serve 
as a member of the Medical Research Board 
which had recently been moved there from the 
Philippines. He served as a member of this board 
until March, 1938, when he departed for Washing- 
ton to assume his present duties. 

Colonel Kelser is the author of many 
scientific articles dealing with the varied re- 


search projects in which he has engaged. 
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He is also the author of the “Manual of 
Veterinary Bacteriology,’ which is widely 
used as a text in veterinary colleges in the 
United States and abroad. His discovery 
of the ability of mosquitoes to transmit the 
virus of equine encephalomyelitis, in addi- 
tion to shedding important light on the 
epizootiology of the disease, constituted the 
first evidence of the ability of mosquitoes 
to transmit a disease due to a virus of the 
neurotropic type. 

He was promoted to the grade of Major 
on July 1, 1927 and to the grade of Lieu- 
tenant Colonel on September 7, 1933. 


: 2 @ 7 


The Front Cover 


The interesting view of Rockefeller Cen- 
ter on the front cover shows a recent 
development in New York City that is one 
of the principal attractions for visitors to 
the great metropolis. It will doubtless be 
so for those who attend the Diamond Jubi- 
lee of the A. V. M. A. in New York July 
5-9, 1938. 

In the center, dominating the scene, is 
the 70-story R. C. A. Tower. This has a 
resident population of 16,500, and is 
equipped to handle 60,000 visitors daily. 
The four buildings in the center foreground 





New York’s famous skyline, with East River spanned by Brooklyn Bridge in the foreground. 
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are tenanted by the representatives of four 
different nations ; between them are a beau- 
tifully-landscaped promenade and sunken 
plaza. 

In the right foreground is the Interna- 
tional Building, and directly beyond it the 
magnificent Radio City Music Hall. On the 
other side of the R. C. A. Tower is the 
Center Theatre. 

The Hudson River, with the Jersey shore 
beyond, is seen in the distance. 

Other famous New York sights which 
will attract convention visitors include: the 
Statue of Liberty, the Chrysler and Empire 
State Buildings, the Stock Exchange, the 
Cathedral of St. John the Divine, the 
Metropolitan Museum, the Aquarium, the 
Hayden Planetarium, George Washington 
Bridge, Holland Tunnel, Ellis Island, the 
3owery, Greenwich Village, The New York 
Zoological Gardens, etc. 


if A 5 A - 


The mortality rate for trichinosis cases 
has decreased from 15.4% for 1842-1914 
to 4.4% for. 1926-36, indicating that more 
mild cases are now diagnosed and reported 
than formerly. These cases were either for- 
merly overlooked or occur now more fre- 
quently. —U. S. Pub. Health Repts. 





N. Y. Convention Bureau 
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Equine: Degenerative Arthritis 


During the fall and winter of 1934-35 
Greenlee! found among Army horses and 
mules in the Panama Canal Department a 
high incidence of a group of conditions 
which he interpreted to be manifestations 
of osteomalacia. The chief symptoms noted 
were various forms of lameness—especially 
that of a “shifting type”’—spavins, ring- 
bones, and abnormal standing postures. In 
some cases it was considered that the rami 
of the mandible were enlarged as judged 
by a “roll” felt when the fingers were 
passed from the lateral surface of the teeth 
over the ramus of the mandible. At autopsy, 
the characteristic, outstanding pathology in 
these cases was found to consist of de- 
generative changes in the articular cartil- 
ages of the various leg joints. 

In the spring of 1935 all Army horses 
and mules in the Panama Canal Depart- 
ment were surveyed to determine the inci- 
dence and degrees of disability from these 
conditions. In the surveys the animals were 
divided into three groups. One group was 
composed of animals which were recom- 
mended for immediate disposal ; the second 
group consisted of horses and mules recom- 
mended for retention in the service for a 
period of one year, while the animals mak- 
ing up the third group were recommended 
for retention unconditionally. The horses 
and mules of the second group were those 
least affected. They were capable of render- 
ing a fairly satisfactory type of service and 
were recommended for retention for the 
one-year period with the idea that after 
such period they would either be eliminated 
or further retained, depending upon 
whether or not their condition improved. 

There were 115 horses and 237 mules in 
the group recommended for immediate dis- 
posal. This represented approximately 48% 
of the horses and 34% of the mules in the 
Panama Canal Department. The group rec- 
ommended for retention for one year con- 


*Lieut. Colonel, V. C., U. S. Army. 
**Lieut. Colonel, M. C., U. S. Army. 


By R. A. KELSER* and G. R. CALLENDER.** 


Army Medical Research Board, Ancon, Canal Zone 


sisted of 78 horses and 171 mules, about 
32% of the horse population and 24% of 
the mules. There were 49 horses and 297 
mules in the group to be retained indefi- 
nitely, representing approximately 20 and 
42%, respectively, of the total horse and 
mule population. 


Believing that the condition was probably 
of dietetic origin Greenlee recommended 
that the standard ration of grain-hay and 
oats, then being fed animals in the Panama 
Canal Department, be modified by substi- 
tuting alfalfa-hay for part of the grain- 
hay. This recommendation was approved 
and commencing May 1, 1935, five pounds 
of the regular daily hay ration was replaced 
by an equivalent amount of alfalfa-hay. As 
thus modified, the daily ration for horses 
consisted of 8 pounds of oats, 5 pounds of 
alfalfa-hay and 9 pounds of grain-hay. 
Mules were placed on the same hay allow- 
ance but given only 5 pounds of oats. This 
ration has been continued up to the present. 


The high percentage of animals in the 
Panama Canal Department recommended 
for disposal, because of “osteomalacia,” 
made the problem one of considerable im- 
portance. It was for this reason that the 
Army Medical Research Board undertook 
a study of the condition. 


All of the horses and mules in the group 
which were recommended for immediate 
disposal were not destroyed. However, most 
of the 134 animals autopsied by Greenlee 
during his tour of duty in Panama were 
from the group of animals recommended 
for immediate disposal. Through Greenlee’s 
cooperation it was possible to take part in 
54 of these autopsies and to utilize many 
specimens from those done by Greenlee 
prior to the Research Board’s entry into the 
picture. In taking part in these autopsies it 
soon became evident that essentially all of 
the animals destroyed had lesions in the 
articular cartilages, many of them being of 
a very extensive character. It was also 
















































noted that in most of the cases the involve- 
ment of the joint cartilages constituted the 
outstanding, characteristic lesions in these 
animals. Aside from occasional spavins, 
ringbones, or sidebones, little or no other 
gross pathology was found in so far as the 
bony structures were concerned. 

A frequent and striking observation in 
connection with our studies has been the 
fact that numerous animals were found, at 
autopsy, to have changes in the joint car- 
tilages so extensive in character as to be 
out of all proportion to the degree and 
periodicity of the lameness manifested dur- 
ing life. It would thus appear that the in- 
volvement of the cartilage alone is often 
symptomless. When pain occurs the possi- 
bility is that it is usually due to pressure 
on subchondral bone which has either been 
denuded of cartilage or more or less dam- 
aged by extension of the degenerative 
change. 

Early in our study we became doubtful 
that the condition among Army animals in 
Panama was actually osteomalacia. A sat- 
isfactory solution of this question was, of 
course, of paramount importance. Thus, the 
initial efforts of the Army Medical Re- 
search Board had as their purpose the 
establishment of whether or not the pro- 
found joint changes, so common and out- 
standing in the Army animals coming to 
autopsy, were a manifestation of, or asso- 
ciated with osteomalacia. This is a report 
of our study of this phase of the problem. 

Osteomalacia in its true sense, denotes a 
softening and rarefaction of the bones. 
There is a marked absorption of lime salts 
from calcified portions of the skeleton.’ In 
involved areas uncalcified osteoid tissue re- 
places the normally calcified tissue and mar- 
row. There is a great tendency to bending 
and deformity of the bones and more lia- 
bility to fracture. In pronounced cases of 
osteomalacia deformity of the pelvis is 
frequently marked. Lordosis or other forms 
of curvature of the vertebral column are 
common and the ribs are frequently bent 
out of their normal curvature. 

Among the lower animals osteomalacia 
occurs more commonly in cattle, especially 
milch cows on poor rations. The disease 
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also occurs amony horses, hogs, sheep, 
goats and exceptionally in other species. 

In horses and mules pronounced bulging 
of the bones of the skull is a common and 
outstanding characteristic of osteomalacia. 
In these so-called cases of ‘“‘big-head” 
essentially all bones of the head may be 
enlarged, but the marked bulging of the 
maxille and the extensive “thickening” of 
the mandible, especially of the horizontal 
rami, are striking (Fig. 3). The marrow 
spaces of the long bones of the extremities 
are more or less dilated and the bony cor- 
tex thinned. The thinning and decalcification 
of the bony cortex, especially that of the 
bones of the head, are frequently such that 
the bone can be readily cut with a knife. 

By some it is thought that such things 
as spavin, ringbone, etc., are a result of 
osteomalacia. The validity of this hypothesis 
is open to doubt. 

The histopathology of osteomalacia is 
quite characteristic provided rickets is dif- 
ferentiated. In the first disease decalcifica- 
tion of previously calcified tissues occurs, 
followed by replacement with osteoid tissue. 
In rickets, proper calcification of the bones 
is absent from the start, osteoid tissue being 
found where calcified structures should 
normally exist. Rickets is a disease of very 
young animals, osteomalacia of more ma- 
ture animals. Because of improper calcifi- 
cation of the bones right from the begin- 
ning, deformities, especially bowing of the 
legs, are more marked in rickets than in 
osteomalacia. 

The etiology of real osteomalacia has 
been fairly definitely established as a dis- 
turbance in mineral metabolism. However, 
the precise mechanism still offers ground 
for debate. The older and more common 
belief was that it was a straight deficiency 
of calcium, phosphorus, and other mineral 
salts. Later views, based on various studies 
and investigations, bring into the etiological 
picture factors other than simple mineral 
salt deficiency. Thus, improper functioning 
of glands of internal secretion—parathyroid, 
suprarenal, etc.—have been held by some 
to be of primary importance in upsetting 
the normal mineral salt metabolism and 
thereby giving rise to the disease. There 
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are others who believe that a high mag- 
nesium intake plays an important part in 
the production of osteomalacia. Those hold- 
ing this view maintain that the magnesium 
consumed acts as a buffer for the calcium, 
preventing its utilization. 

In 1932, Kintner and Holt? reported 
findings which they considered definitely 
established the cause of osteomalacia as a 
calcium-phosphorus imbalance, an hypothe- 
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PLATE I 
Fig. 1: Horizontal ramus 
and body of mandible 
showing the enlargement of 
osteomalacia. Normal bone 
on left. 


Fig. 2: Section of left ramus 

of bone shown in Fig. 1. 

Note pale strip of fat be- 

tween medial cortex and 
teeth. 


Fig. 3: Mule affected by 
“big-head.” Note swelling 
of maxillae. 


Figs. 4 and 5: Sections from 
lateral cortex of bone of 
Fig. 3. In Fig. 4 cortex is 
completely replaced by os- 
teoid and fibrous tissue. 
Note area of fat and hya- 
line material about vessel. 
In Fig. 5 small areas of 
cortical bone are still pres- 
ent in periphery. 


sis previously advanced 
by several other inves- 
tigators. They  con- 
cluded that where the 
phosphorus intake was 
in a ratio of 2.9 or 
more, to 1 of calcium, 
the disease would re- 
sult. They stated that 
rations should be so 
balanced that the cal- 
cium oxide—phosphor- 
us pentoxide ratio is 
between 1:1 and 1:1.8. 

The possibility of a 
vitamin deficiency as 
of etiological signifi- 
cance in osteomalacia 
is bound to have an 
appeal to many. That 
vitamin D, for example, plays an important 
part in calcium metabolism is well estab- 
lished and serves to indicate that it and 
other vitamins may be more concerned in 
connection with the utilization of mineral 
salts by the body than is generally known. 

Those interested in a more detailed dis- 
cussion of the possible etiological factors 
in osteomalacia are referred to the publica- 
tions of such writers as: Law;? Hutyra 
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and Marek ;* Hess; * Theiler ;* Theiler, Du 
Toit, Malan, Green, et al. ;7 Becka ;* Harris 
and Innes ;? Svanberg;?° Cinotti," etc. 

In our work in Panama we have been 
very fortunate in locating a source of typi- 
cal cases of osteomalacia for comparison 
with the joint condition we are studying in 
Army animals. About 200 miles west of the 
Canal Zone, near the Costa Rican border, 
the Chiriqui Land Company, a subsidiary 
of the United Fruit Company, operates a 
vast banana plantation. In connection with 
their activities this company utilizes ap- 
proximately 1,400 small mules. For years 
osteomalacia has been prevalent among 
these animals. It is possible to go there at 
any time and find numerous cases of the 
disease, including many cases of typical 
“big-head.” Through the courtesy of the 
General Manager, Mr. H. S. Blair, we have 
been able to destroy and autopsy some of 
these animals and obtain specimens for 
comparative studies. Further, Mr. Blair 
made available two typical cases which 
were brought to the Canal Zone for con- 
tinued study. 

At the 42nd Annual Meeting of the 
American Veterinary Medical Association 
held at Cleveland in 1905, Williams, Fisher 
and Udall?? presented a rather extensive 
report on “The Spavin Group of Lame- 
nesses.” The conditions they included under 
this heading were spavin, navicular dis- 
ease, ringbone, sidebone, sesamoiditis, spin- 
itis, gonitis, carpitis, humeroradial arth- 
ritis, scapulohumeral arthritis, etc. Williams 
and his associates considered the entire 
group of conditions they dealt with as being 
manifestations of a single systemic affec- 
tion. In this conclusion they were in accord 
with the previously expressed views of 
Vivien and Augustin.’* In discussing a 
variety of possible etiological factors, Wil- 
liams and his coworkers leaned strongly 
toward dietetic deficiencies as playing a 
highly essential role in the production of 
the group of maladies. 

We especially mention the work of Wil- 
liams, Fisher and Udall because the changes 
they described in various articular cartilages 
were apparently identical with a number of 
those observed in some of our cases, Fur- 












ther, Greenlee reports that he observed a 
high percentage of spavin, ringbone, etc., 
among Army animals in the Panama Canal 
Department but that there was an improve- 
ment when alfalfa-hay was added to the 
diet. 

Whether or not the underlying cause of 
the cartilage lesions which we have been 
studying has any bearing on the incidence 
of spavin, ringbone, etc., we are not pre- 
pared to say. The point we desire to make, 
however, is that irrespective of what the 
precise cause of the degenerative arthritis 
may finally prove to be, we have found no 
evidence that it is osteomalacia. Plainly 
stated then, we believe that the numerous 
cases we have observed among Army ani- 
mals in Panama, diagnosed osteomalacia, 
were not in reality osteomalacia but, in so 
far as the changes in the articular cartil- 
ages were concerned—and these constitute 
the outstanding important pathology—were 
cases of degenerative arthritis. 

In 1927 Hare'* reported observations 
made in ante- and post-mortem studies of 
147 horses slaughtered in Liverpool for 
food purposes. He found that 21 animals 
(14%) of this group had what he termed 
“chronic arthritis.” From his descriptions 
it is apparent that some of the changes ob- 
served in the articular cartilages were iden- 
tical with some of the conditions encount- 
ered in our series. We have, however, failed 
to find, in our cases, the focal lesions in the 
bone immediately underlying the cartilage 
lesions, as described by Hare. All of our 
studies have indicated that the initial lesion 
is in the cartilage and not the bone. Such 
bone changes as have been observed were 
found to be secondary to the cartilage 
lesions. With one or two exceptions Hare 
did not examine the shoulder, elbow, hip 
and stifle joints. This was unfortunate be- 
cause in our investigations the hip and 
stifle joints were commonly found involved, 
often being the only joints showing lesions. 

Hare concluded that bacteria were not 
responsible for the lesions he observed, such 
organisms as were cultured being deemed 
contaminants. He further concluded that 
the initial specific inciting factor causing 
the disease had not been identified. 
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During the last several years Mitchell,’® 
of the Royal (Dick) Veterinary College of 
Edinburgh, Scotland, has published several 
articles on what he has called “rheumatic 
disease.” He includes under this term not 
only the osteo-arthritic conditions such as 
spavin, ringbone, sidebone, splint, navicular 
disease and arthritis, but also “roaring,” 
“shivering,” “stringhalt,” partial paraplegia, 
etc. He states that his “contention is that 
all these conditions are merely local mani- 
festations of one general disease, and as I 
know of no comprehensive name which 
would include them all, I have suggested 
that the term ‘Rheumatic Disease’ be ap- 
plied to them, though I have expressed the 
hope that in the not-too-distant future this 
term will disappear and the disease be 
named more in accord with its true cause.” 
Aside from making his group more exten- 
sive, Mitchell is in agreement with the pre- 
viously published views of Williams, et al., 
as to these conditions being manifestations 
of a single disease. 

In 1934, Campbell,’® in an article on 
shifting lameness in the horse, suggested a 
correlation between various lesions, de- 
scribed in connection with Mitchell’s in- 
vestigation of “rheumatic disease,” Kintner 
and Holt’s osteomalacia in the Philippines, 
cases of hidden joint and bone changes in 
horses without lameness, observed by Green- 
lee and Beeman,’? and a condition among 
Army horses and mules at Fort Benjamin 
Harrison, Ind., which Campbell observed 
with Greenlee. Campbell’s report has raised 
the question as to whether or not all of 
these conditions were but different mani- 
festations of the same deficiency malady— 
osteomalacia. 

Mitchell states that regardless of the par- 
ticular condition of his group for which an 
animal is destroyed the pathological find- 
ings are essentially the same—widespread 
bone and joint lesions and a disseminated 
local degeneration of peripheral nerves. 
Mitchell expresses the further belief that 
underlying the various pathological changes 
in this group of conditions there is an alter- 
ation of the normal blood supply brought 
about by some, as yet unknown, toxic agent 
or agents causing vaso-dilatation. He con- 
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siders the possible relationship of heredity, 
trauma, bacterial and virus invasion, para- 
sitic infestation, and bad hygienic condi- 
tions to “rheumatic disease” and while ex- 
pressing a belief that these factors may 
have some bearing on the disease, he is of 
the opinion that they are not of primary 
importance. Dietary deficiencies, especially 
a shortage of calcium with a calcium oxide 
—phosphorus_ pentoxide imbalance, and 
vitamin A deficiency are finally deemed the 
more probable basic etiological factors. 

Mitchell, in his papers, points out that 
in all of his investigations he has not ob- 
served any cases of osteomalacia although 
many of the animals having “rheumatic 
disease” were on a diet deficient in calcium, 
and further that a distinct imbalance of 
calcium—phosphorus must have been com- 
mon. In his article appearing in The Vet- 
erinary Record of December 14, 1935, 
Mitchell makes the following statement: 

“There is certainly reason to suspect that 
a calcium-phosphorus imbalance may play 
a part in the production of ‘rheumatic dis- 
sease’ in this country. It is difficult, how- 
ever, to correlate the bone changes in osteo- 
malacia, where the bones are lighter or 
more porous, with the heavy, dense bones 
of animals suffering from ‘rheumatic dis- 
ease,’ with their numerous exostoses and 
the presence of bone in loose bodies in the 
joints and even in the heart muscle (one 
case). No swelling of the bones of the head 
has ever been seen in ‘rheumatic disease’.” 

The above-cited observation of Mitchell, 
in so far as it concerns inability to associ- 
ate osteomalacia with “rheumatic disease,” 
is in direct accord with our findings among 
Army animals in Panama. In many cases 
with marked erosions of the articular car- 
tilages of the leg joints we have found the 
hard bone structures to be normal. They 
were dense in texture, flint-like in hard- 
ness, and showed nothing which by any 
possible stretch of the imagination, could 
be taken as evidence of osteomalacia. 

In one of our cases a femur, in which 
there was extensive erosion of the articular 
cartilage of the proximal end, was ground 
up, ashed, and subjected to chemical analy- 
sis. We found a calcium content of 38.5% 





of the total ash; phosphorus 19.90% ; and 
magnesium 0.12%. These figures are within 
normal limits. 

To determine the nature of the changes 
found in the articular cartilages in our cases 
among Army animals in Panama, a rela- 
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tively large number of histopathological 
preparations have been made and studied. 
In this part of the work sections were preé- 
pared to include all forms and stages of 
joint changes which we have observed. 

Some of the confusion existing in the 
differential diagnosis of certain diseases of 
the bones and joints of Equidz is clarified 
to a considerable extent by a study of the 
pathology of these conditions. 

The presence of degenerative arthritis— 
more properly arthropathy, as there is no 
inflammatory reaction—in an animal af- 
fected with osteomalacia has led, as we 
have already pointed out, to the belief that 
these distinctly different pathological con- 
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ditions were manifestations of one disease. 
Osteomalacia, which may affect many or 
all the skeletal bones, is especially noticeable 
in life in advanced cases of “big-head” of 
horses and mules. In this, as we have found 
in the animals of the Chiriqui Land Com- 


PLATE Il 
Fig. 6: Distal end of 
humerus showing 
grooves. 


Fig. 7: Shallow 
groove. Note sepa- 
ration and loss of 
nuclei near peri- 
phery and normal 
alignment of nuclei 
in deeper parts. 


Fig. 8: Deep groove 
with cleft extending 
into the bone cor- 
tex. Note necrotic 
fringes on surface 
on each side, dis- 
arrangement and 
grouping of cartil- 
age nuclei, begin- 
ning bone formation 
at the junction of 
cartilage and bone 
and fibrous tissue 
in marrow space 
beneath cleft near 
bottom of picture. 


pany, changes may exist in the cranial bones 
without demonstrable lesions elsewhere. 

In “big-head” the mandible and maxilla 
present typical changes. The mandible is 
markedly enlarged. In the cases examined 
for this study the thickening involved the 
horizontal parts of the rami and the body 
of the mandible and the maxillary bones. 
The premaxilla showed little or no change 
and that portion of the mandible posterior 
to the vascular impression, including the 
vertical parts of the rami, appeared nor- 
mal. The alveolar processes are affected 
usually fairly evenly, but the dental occlu- 
sion is disturbed to a greater or lesser ex- 
tent. The thickening is greater lateral than 
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medial to the molar teeth. The excised man- 
dible, stripped of soft tissues and compared 


PLATE Ill 
Fig. 9: Blisters and pits on patella. 
Fig. 10: Early blister with fibrillation of surrounding 
cartilage. 

Fig. 11: (Left) Swelling and distortion of nuclear 
arrangement presumably preceding blister formation 
and (right) recent rupture of blister. 

Fig. 12: Fringes on condyles of femur. 

Fig. 13: Pit covered with fibrocartilage continuous 
with periphery of joint cartilage. Fibrillation beneath 
central portion. 

Fig. 14: Degenerated cartilage which was apposed 
to a fringed articulating cartilage. Pale areas in 
cartilage are fibrillated and almost myxomatous. 
Delicate membranous fringes on the surface. 


with a normal bone, gives a clear picture 
of the amount of enlargement which may 
occur (Fig. 1). The bone is light, consid- 
ering its large size, and in advanced cases 
can be cut with a knife. The cut surface is 
mottled a light grayish-red with streaks of 
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dark blood-red and others of yellow fat, 
the latter being especially noticeable about 
blood vessels (Fig. 2). Histologically there 
is a replacement of the dense eburneous 
bone of the cortex and of the cancellous 
central portion and fatty marrow by fibrous 
and osteoid tissue which, as compared with 
normal bone, contains little calcium as de- 
termined by staining reactions. Remnants 
of the eburneous cortical bone which are 
undergoing absorption are found, especially 
near the periosteum (Figs. 4 and 5). There 
are occasional collections of small mono- 
nuclear cells but typical marrow is rare or 
absent. The new tissue is supplied with 
abundant blood vessels as seen in granula- 
tion tissue. This vascular supply causes the 
deep red of the section which grossly re- 
sembles red marrow. The increase in bulk 
is due to the fibrovascular tissue and the 
osteoid tissue which is laid down as tra- 
beculz like those of cancellous bone but 
more abundant. The process involves the 
bone structure. 

Degenerative arthritis is primarily a dis- 
ease of the cartilage. Vertebral cartilages 
may be involved but the articular cartilages 
of the joints of the extremities are the ones 
chiefly affected. It is a non-inflammatory 
arthropathy involving the cartilages of the 
joints, and only secondarily—in more ad- 
vanced lesions—do changes occur in the 
bones. We have seen no bone lesion that 
was not obviously secondary to the car- 
tilage changes. 

Grossly the mildest lesions are grooves 
and blisters primarily involving the peri- 
pheral layers of the cartilage covering the 
ends of bones. Grooving of the joint car- 
tilages is not especially common but occurs 
on apposed surfaces of the cartilages of 
joints having a hinge motion. We have 
found this type of lesion affecting the elbow, 
carpometacarpal, tarsometatarsal, and meta- 
carpo- and metatarsophalangeal joints. 
There has been no evidence that such le- 
sions produce symptoms. These grooves are 
roughly parallel and run in the direction of 
motion of the joint (Fig. 6). The shallower 
ones show little or no color change from 
the normal cartilage but the deeper fre- 
quently show a dark red line in the depth 
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of the groove where the underlying vascular 
bone shows through. Microscopically the 
shallow groves (Fig. 7) are depressions in 
the surface of the cartilage, the lining mem- 
brane of the surface being sometimes pres- 
ent, in others partial or absent, while occa- 
sionally it appears as a swollen hyaline 
structure thickest in the depth of the groove. 
Normally the cartilage cells of horses and 
mules have the long axes at right angles to 
the bone up to the region beneath the peri- 
phery where they are more nearly parallel 
with the joint surface. In the cartilage of 
joints affected by the shallow grooves there 
is little disturbance in the cartilage cells 
except in a narrow zone adjacent to the 
sides of the grooves. The margins of the 
grooves as seen in transverse section ap- 
pear somewhat raised and swollen by 
edema as the cartilage nuclei are more 
separated than normal. Hare** describes 
ridges on the cartilage which fit into the 
grooves of the apposed surface. We were 
unable to find such positional relationship 
and did not find what could be called ridges 
unless the slightly raised margins of the 
grooves are so considered. 

Occasional splits or clefts in the cartilage 
lead from the depth of the deeper grooves 
to the underlying bone (Fig. 8). The car- 
tilage cells along and for some distance 
away from these clefts are out of normal 
alignment and there are many groups of 
nuclei, apparently the result of prolifera- 
tion of the cells without separation and 
capsule formation about the individual ones. 
The clefts occasionally extend into the cor- 
tex of the bone apparently along branches 
of vessels which normally penetrate the 
calcified matrix between bone and cartilage 
and sometimes extend for short distances 
into the cartilage itself. Where this exten- 
sion occurs, fibrous tissue and cartilage, or 
even osteoid tissue, may be formed, re- 
placing the fatty marrow in focal areas of 
the bone cortex. Later, bone may form in 
such areas and extend into the cartilage, 
eventually causing thickening of the cortical 
bone in the vicinity. This occurs more com- 
monly in other types of lesion described 
below. 

“Blister” formation is somewhat more 
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common than grooving and may be seen in 
any joint (Fig. 9). The first changes noted 
grossly are small, smooth elevations of the 
surface of the cartilage without color or 
change. These become somewhat flattened 
at the top, the margins more sharply de- 
fined, and the color paler than the sur- 
rounding tissue. Rupture usually occurs 
and the peripheral layers become shreds or 
fringes projecting above the surface. It ap- 
pears that coalescence of these blisters 
forms fringe areas of varying size (Fig. 
12). Occasionally cn the same joint surface 
on which the discrete blister formations 
are seen, shallow pits occur which have 
slightly raised edges and a smooth surface 
only slightly paler than the unchanged car- 
tilage. Microscopically these are covered by 
partly hyalinized fibro-cartilage continuous 
with the upper layers of the normal car- 
tilage. Beneath the surface layers and ex- 
tending a varying distance toward the cor- 
tical bone the cartilage is more or less 
fibrillated and the nuclear arrangement is 
disturbed (Figs. 9 and 13). Such pits ap- 
pear to result from blister formation fol- 
lowed by loss of the fluid without fringes 
being formed as in those which have rup- 
tured. 

Microscopically the early stages in for- 
mation are best studied in frozen sections 
of the joint cartilage. Serial sections of an 
early elevation show, in the center, an ir- 
regular space bounded by fibrillated car- 
tilage surrounded by a zone, more or less 
fibrillar, with cells more widely separated 
than normal. This change gradually de- 
creases to finally blend with the normal 
cartilage beyond the swollen areas. Study 
of a number of these early lesions, which 
are located in the peripheral third or half 
of the cartilage, suggest that the primary 
change is a focal edema, followed by fibril- 
lation and “blister” formation (Figs. 10 
and 11). Rupture of these blisters gives 
rise to fringes, strands of fibrillated car- 
tilage projecting from the surface, the 
longer ones attached at the periphery of the 
blister, the shorter extending from the base 
of what now may be termed a small “ulcer”. 
Considerable areas of this “fringed” car- 
tilage are formed which, as stated above, 
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may have resulted from the coalescence or 
extension of the blister areas, but may also 
have originated otherwise, though other 
mechanisms or sequences of events have 
not been evident in our material. Trau- 
matism of the opposite surface by the 
frayed tissue may well account for the 
fringed area on that side without the pre- 
liminary blister formation. Fig. 14 shows 
changes in the cartilage of the proximal end 
of a humerus apposed to an eroded, fringed 
glenoid fossa. The small pale areas are 
fibrillated, almost myxomatous, tissue. In 
some areas fringe formation has occurred 
and the entire cartilage shows fibrillation 
and abnormal arrangement of the cartilage 
cells. Clefts extending toward or into the 
cortical bone, as in the case of the grooves, 
are formed. These are often close together 
along the surface and extend but a short 
distance into the cartilage while others more 
widely separated extend deeper, forming 
irregular masses of cartilage attached at the 
base to the calcified matrix (Fig. 15). Be- 
neath and in the fringes the alignment of 
the cells is markedly disturbed and cell 
nests often are abundant. Bone production 
from the calcified matrix occurs about ves- 
sels extending into the cartilage and along 
the matrix which may be markedly de- 
creased in thickness and even absent in 
some areas. Practically always both ap- 
posed surfaces show changes though these 
are usually different in extent, sometimes 
in type, or both. Grossly the uniformly 
fringed areas are described as erosions. 
Relatively low magnification (10 x), how- 
ever, shows the essentially villous char- 
acter of the bases which is confirmed by 
microscopical sections. 

The further progress of the erosive de- 
generative process is characterized by a 
necrosis and loss of substance of the sur- 
face of the ulcer so that the remaining 
tissue is thinner than the surrounding car- 
tilage. As this loss of substance continues 
the lesions appear as irregular discrete and 
confluent areas eroded to varying depths 
below the surface of the normal cartilage. 
The bases lose the villous character and 
become dingy gray in color. These erosions 
or shallow ulcers were by far the most fre- 
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quent types of lesion found by us in Equide. 
They were present in some joint of prac- 
tically every animal autopsied (Fig. 16). 


Fig. 15: Multiple fissures in cartilage with bone for- 
mation beginning in the region of the calcified 
matrix. beneath. 

Fig. 16: Erosions on femoral condyles and patellar 
fossa. 

Fig. 17: Discrete deep ulcer on trochlear ridge of 
tibia (see Fig. 18 which is inverted to show proper 
relation to Fig. 19). 

Fig. 18: Section of discrete ulcer on trochlear ridge. 
Note absence of calcified matrix and fibrous re- 
placement in marrow spaces in underlying bone. 
Fig. 19: Section of ulcer in groove of astragalus 
apposed to uicer on trochlear ridge of tibia. Mvxo- 
matous fibrous tissue in base of ulcer covered with 
synovial membrane. Ulcer surfaces of Figs. 18 and 
19 no longer bear weight. No bone proliferation. 


Complete disappearance of cartilage in 
focal areas sometimes occurs but large 
areas of denuded eburneated cortical bone 
have not been seen by us in horses and 








316 


mules, though they are common in the ad- 
vanced changes of degenerative arthritis in 
man. Relatively small, sharply-defined 
ulcers, extending to the underlying bone, 
are found, especially on the trochlear sur- 


face of the tibial tarsal bone and in similar 
joints and in the depths of the articular 
grooves of the apposed bones with which 
these articulate (Fig. 17). Microscopically 
these have the same general characteristics 
as the advanced ulcers of the type described 
above. The cartilage of the base may be 
thin and bone formation from the region of 
the calcified matrix is not infrequent (Figs. 
18 and 19). 

When joint cartilages are thinned or de- 
stroyed by the degenerative process the 
pressure stresses, normally carried by the 
entire cartilage area, must be borne by the 
part remaining. There is malocclusion of 
the joint. In such joints hypertrophic 
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changes occur which appear to be com- 
pensatory in character. The surface of the 
joint is increased in area by shelf-like pro- 
cesses at the periphery of the articular sur- 
face. Primarily these are formed of cartil- 


ee 


™, 
PLATE V 


Fig. 20: Patella. Exten. 
sive fringed area above 
center with shelf and 
pedunculated cartilage 
mass at margin seen at 
top of picture. Deep 
ulcer at lower right cen. 
ter with some lipping of 
margin below. 


Fig. 21: Beginning bone 
formation extending into 
cartilage at margin of 
joint where lipping has 
started. 


Fig. 22: Section from 
lower lipped area of 
bone of Fig. 20. Bony re- 
placement of cartilage 
extending upward 
against pressure. Cartil- 
age fibrillated. Note bone 
with marrow is continu- 
ous with the underlying 
bone cortex. 


Fig. 23: Acetabulum 

showing erosion, fring- 

ing and masses of bone 

(upper margin) in coty- 
loid ligament. 


age which proliferates at the margin of the 
joint surface and extends over the edge, 
thus increasing the surface area. Bone then 
extends into these processes from the region 
of the calcified matrix and eventually the 
shelf is composed of cartilage-covered bone, 
the marrow of which is continuous with 
the old marrow of the cortical bone (Fig. 
20). This bone formation is of the same 
general type as that which occurs from 
the calcified matrix beneath degenerated 
areas where it grows into the cartilage 
against the pressure of the joint, apparently 
in an effort to replace the degenerated tis- 
sue (Figs. 21 and 22). 


Sometimes masses of new-formed cartil- 
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age, more or less ossified, fail to form firm 
union with the bone, become pedunculated 
(lig. 20), and may be separated and free 
in the joint cavity. Occasionally in Equidz 
considerable masses of new bone form ex- 
ostoses, more or less completely covered 
with cartilage, which may extend along the 
shaft for short distances. These may be 
firmly attached to the periosteum but they 
do not seem to arise from it. We have ob- 
served these only at the margins of the 
acetabular and glenoid fosse (Fig. 23). 
Such formations of relatively large masses 
of cartilage-covered bone occur in the sub- 
stance of the cotyloid ligament of acetabula 
which show advanced degenerative changes. 
In these no bony connection ordinarily ex- 
ists, but it may have existed during the 
formative period. Intervertebral cartilages 
are sometimes involved, especially in older 
animals, Limitation of motion resulting 
from hypertrophic changes may be the pre- 
senting symptom. 

In our material there has been no evi- 
dence of a relationship between the produc- 
tive changes producing bone spavin, ring- 


' bone, etc., which arise in the periosteum of 


the bone shaft or body, and the joint 
changes of degenerative arthritis. Both may 
occur independently. 

In animals from the Chiriqui Land Com- 
pany’s plantation, affected with ‘“‘big-head,” 
we have found the characteristic changes of 
osteomalacia in the maxille, mandibles and 
vertebree. Such changes were not evident in 
other bones though degenerative arthritis 
was present in some of the joints. No 
osteoporosis or osteomalacia was found in 
the bones of the 54 Army animals studied, 
all of which had degenerative arthritis. 

In the animals used in this study, changes 
in the synovial membrane have not been 
marked. Vascular papillary projections of 
small size, covered with synovial membrane, 
are practically constant in affected joints 
and to some degree are present in all. These 
are usually found near the line of attach- 
ment of the joint capsule to the bone. Oc- 
casionally larger (1 to 2cm in diameter), 
pedunculated cystic masses are found and 
some of these may contain cartilage. Rare- 
ly, partly-cartilaginous masses of similar 
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type are found embedded beneath the lining 
synovial membrane in the fat of the cap- 
sule. Cartilage masses arising from the 
capsule, therefore, may be a source of joint 
“mice.” Except where external trauma was 
evident the synovial fluid appeared normal. 

From the above it is evident that the 
joint condition we have encountered in 
Panama is a degenerative arthritis, basic- 
ally confined to the articular cartilages. It 
has been observed in numerous animals 
showing no evidence whatever of osteo- 
malacia. As a matter of fact, we have not 
seen a single case of true osteomalacia 
among Army animals in the Canal Zone 
during the period of this investigation. 
Thus, whatever the cause of this degenera- 
tive arthritis may ultimately prove to be, 
and whether or not such cause may likewise 
be found to play a part in the production 
of spavin, ringbone, navicular disease, etc., 
osteomalacia is not the basic factor. 

From our figures it would appear that 
degenerative arthritis is somewhat more 
common in horses than in mules. However, 
too much significance cannot be attached to 
this observation because of the much larger 
number of mules than horses maintained 
by the Army in Panama. 

The disease is by no means limited to 
old animals. While the Army has no very 
young horses and mules in Panama, the 
data assembled indicate that animals of 
various ages are affected, although in the 
higher age groups the incidence of the con- 
dition is somewhat greater and the lesions 
more extensive. 

At the time the survey was made the 
Army had no horses or mules under 8 years 
of age in Panama. In the Pacific Sector 
there were 182 horses and 436 mules. Of 
the horses, 137 were between 8 and 12 years 
of age, and 45 from 13 to 20 years or over. 
There were 310 mules between 8 and 12 
years of age, and 126 whose ages ranged 
from 13 to 20 years or more. 

In the group of Pacific Sector horses rec- 
ommended for immediate elimination there 
were 59 in the 8 to 12-year age group. This 
represented approximately 43% of the total 
number of horses in such age group. Of 
the total number of horses between 13 and 
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20 years or more there were 33 or about 
73% selected for immediate elimination. 
Among the mules in the 8 to 12-year age 
group, 96 or approximately 31% were 
listed for immediate disposition. In the 
13 to 20-year age group of mules there 
were 56 or about 44% selected as unfit for 
further service. 

Taking the group of horses recommended 
for retention for one year, there were 52 
between 8 and 12 years of age. This rep- 
resented approximately 38% of all horses 
in the Pacific Sector in that age group. Of 
all horses between 13 and 20 years of age 
or more, 10 or about 22% were listed for 
retention for one year. Among the 8 to 12- 
year-old mules, 102 or nearly 33% were 
selected for retention for one year, whereas 
with those in the 13 to 20-year group, 36 
or a little more than 28% were recom- 
mended for retention for one year. 

The remaining 28 horses and 146 mules 
in the Pacific Sector were recommended 
for indefinite retention. 

The above-discussed grouping of the ani- 
mals of the Pacific Sector is shown in the 
accompanying table. 
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tion now reported was to determine whether 
or not the widespread joint condition 
among Army animals in Panama was a 
manifestation of osteomalacia. Thus, the 
etiology of the degenerative arthritis has 
not as yet been thoroughly studied by the 
Army Medical Research Board. However, 
as diet may play a part in its production, 
such observations and analyses as we have 
made in connection with the animal ration 
are of interest. 

For at least five years prior to May 1, 
1935—the date the Panama ration was 
modified to include alfalfa-hay—it would 
appear that Army horses and mules in the 
Canal Zone were receiving small amounts 
of calcium as compared to phosphorus. 
Actual analyses of the various foodstuffs 
consumed were not made during such pe- 
riod and no accurate figures on the precise 
amount of mineral salts present in the for- 
age and grain fed are available. However, 
from the records of amounts and types of 
hay and oats fed prior to our investigation, 
the mineral content of feed supplied can be 
estimated through the use of standards 
such as those of Henry and Morrison,'* and 





Survey Grouptnc* oF 618 Horses AND MuLEs oF Paciric Sector, PANAMA CANAL DEPARTMENT, 1935 


| | Group I | Group II | Groups I and II || Group III 
| No. | No. | Percent | No. | Percent { No. | Percent || No. | Percent 











Age groups 


8 - 12 
Horses 








137 59 43 | 52 38 
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11 | 8i 26 19 
| 
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Mules 96 31 | 102 33 198 64 112 36 
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92 72 34 
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Mules 126 56 44 36 | 28 








| 
| 
13 - 20 | 
| 
| 
| 
| 








| 
| | 
TOTALS 618 | 244 39 200 | 32 | 444 | «72 174 | 


* Group I:---Animals recommended for immediate elimination; Group II:—Animals to be retained one year; 
Group III:—Animals to be retained indefinitely. 





The figures have been given only for the 
Pacific Sector animals because complete 
age data concerning the Atlantic Sector 
horses and mules at the time of the survey 
were not compiled. The evidence, however, 
indicates that the age situation was essen- 
tially identical in both Sectors. 

As we have already indicated, the pri- 
mary purpose of the phase of our investiga- 


the results of analyses of similar foodstuffs 
by Kintner and Holt. On this basis, and 
even by allowing generously for variation 
from basic analytical figures, the range of 
1 : 1 to 1: 1.18 for the ration of CaO 
to P2O;, given by Kintner and Holt as that 
desirable for the prevention of osteomalacia, 
was evidently continually exceeded in the 
hay, oats, and water supplied. During most 
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of the five-year period prior to May, 1935, 
the calcium-phosphorus ration in supplied 
food and water averaged about 1: 2.50. 

Since the inauguration of our own in- 
vestigations we have made analyses of sev- 
eral specimens of grain-hay and oats on 
hand. The analyses of the oats checked 
closely with recognized standards. With 
the grain-hay, however,we have found con- 
siderable variation in the CaO content of 
the several lots examined. The last two 
lots of grain-hay imported into the Canal 
Zone for Army animals contained approxi- 
mately 0.14% CaO and 0.40% P2O;. One 
or two previous lots of this type hay ran 
somewhat lower in CaO. As the particular 
hay on hand at the time of our analyses may 
not have been representative of what had 
been fed in previous years, we have not em- 
ployed our figures in estimating the prob- 
able calcium-phosphorus ratio in foodstuffs 
fed prior to the beginning of our studies, 
but have utilized the analytical standards 
of Henry and Morrison and the figures of 
Kintner and Holt. 

From the figures used it is estimated that 
during the five or six years prior to May 
1, 1935, the hay, grain and water provided 
Army horses and mules in Panama aver- 
aged, for each animal, a daily supply of 
approximately 16.50 grams of CaO and 
40.50 grams of P2O;. The mineral content 
of the water was determined by direct 
analysis made by the Board of Health 
Laboratory, Ancon, C. Z. The drinking 
water supplied normally contains approxi- 
mately 19 parts of CaO per million and a 
trace of phosphorus radicle. 

At some of the Army posts an undeter- 
mined amount of supplementary grazing 
was permitted, and in some cases lime 
was added to the drinking water. These 
factors, obviously, must be considered in 
trying to estimate the mineral intake the 
animals received prior to the beginning of 
our studies. The pastures used for such 
grazing as was permitted supplied chiefly 
Panicum jumentorium, Panicum barbinode, 
Paspalum panniculatus and Sporobolus in- 
dicus. We have made several analyses of 
these grasses and found them all relatively 
low in calcium. 
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Just what effect the feeding of the modi- 
fied ration which was commenced May 1, 
1935, will ultimately have on the incidence 
of degenerative arthritis among Army 
horses and mules in Panama cannot be pre- 
dicted with any degree of certainty at the 
present time. Certainly the disposal of the 
relatively large group of animals subsequent 
to the reports of the disposition boards has 
removed the worst cases, in so far as it has 
been possible to identify them clinically. As 
the condition is apparently of an insidious 
character, developing slowly, considerable 
additional time will be required to deter- 
mine whether or not the present diet suffices 
to improve such cases as may remain and 
prevent the development of others. 

The modified ration has, without ques- 
tion, corrected an evident deficiency in the 
supply of required mineral salts. This in 
itself is an important correction, whether or 
not it eliminates the degenerative arthritis. 

Aside from bringing about a better bal- 
ance of mineral matter in the diet, the 
alfalfa-hay fed also provides more vitamins 
than an equivalent amount of grain-hay. 
This may have a very important bearing on 
any improvement in the degenerative arth- 
ritis brought about by the new diet. 

The question of possible bacterial causa- 
tion in the joint condition we have investi- 
gated was settled by bacteriological studies 
made with specimens from 40 autopsies. 
The joints in 38 of the 40 cases were sterile. 
In two cases Staphylococcus aureus was 
isolated. This organism was apparently 
present in a secondary role in these two 
cases. 

In general the pathological changes sug- 
gest that we are dealing with a deficiency 
disease in which a disturbance occurs in 
the nutrition of the articular cartilages. 
The nutrition of cartilage under normal 
conditions is, at best, a relatively finely 
balanced mechanism, admitting of but little 
compensatory adjustment. Thus, a disturb- 
ance in cartilage nutrition might well occur 
and permit the development of lesions in 
such tissue, under conditions which would 
not produce appreciable manifestations in 
other structures of the body. Further study 
and experimentation must be conducted to 





elucidate this phase of the subject and to 
determine whether or not mineral deficiency 
or imbalance, vitamin deficiency, or a com- 
bination of such factors, are of etiological 
importance in equine degenerative arthritis. 

The geographical distribution of equine 
degenerative arthritis is apparently much 
more widespread than might be suspected 
from a perusal of the literature. There is 
no reason to believe that it is especially a 
disease of tropical countries. The relatively 
few studies made in the United States tend 
to indicate that if such investigations were 
extended, the joint lesions we have observed 
and described would probably be found 
considerably more prevalent than is gener- 
ally supposed. 

During the past year we have had an 
opportunity to make comparative histopath- 
ological studies of degenerative arthritis in 
horses and in man. The results have been 


very interesting in that we find the lesions 
markedly similar. A separate report on this 
subject is being prepared for publication. 


CoNCLUSIONS 

A large percentage of Army horses and 
mules in Panama have been found to have 
degenerative arthritis involving principally 
the leg joints and causing varying degrees 
of lameness. 

The condition is not a phase of, nor asso- 
ciated with osteomalacia, as was originally 
supposed. 

The primary cause of this degenerative 
arthritis has not been determined. It is ap- 
parently not of bacterial origin. Further, 
it is not inflammatory in character. 

The pathological changes suggest that 
the condition is a deficiency disease in 
which a disturbance occurs in the nutrition 
of the articular cartilages, without neces- 
sarily involving other tissues. Further 
studies will be required to clear up this 
phase of the subject and to determine 
whether or not mineral deficiency, an im- 
balance of minerals, a shortage of certain 
vitamins, or a combination of these factors, 
are of etiological significance. 

A marked similarity exists between the 
joint disease we have studied in Equide and 
human degenerative arthritis. Comparative 
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studies have been made of the condition 
in the two species and will be the subject 
of a separate report. 
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Observations on 


Bovine Venereal Trichomoniasis 


Introduction 

Bovine veneral trichomoniasis is a pro- 
tozoan infection that affects the fecundity 
of cows. The disease was first described 
in Europe, and it has been reported from 
a number of important livestock centers in 
various parts of the United States. The 
present paper was prepared with the fol- 
lowing objectives: (1) to give a résumé of 
our knowledge of this disease for the bene- 
fit of investigators and professional men 
who may not have access to foreign jour- 
nals in which most of the reports of this 
research work have been published; (2) to 
describe a method by which the disease may 
be diagnosed ; and (3) to present data thus 
far obtained on a herd of dairy cattle af- 
fected with trichomonads. 


I, RESUME OF PREVIOUS 
INVESTIGATIONS 


Discoveries Leading to the Incrimination 
of Trichomonas Foetus as a Pathogen 
Bovine venereal trichomoniasis was first 

observed by Mazzanti (1900) in the uteri 
of one slaughtered heifer and two slaugh- 
tered cows. However, at that time and for 
a quarter of a century thereafter, Maz- 
zanti’s discovery did not receive recognition, 
probably because of the conviction that 
Brucella abortus Bang, 1897, was the causa- 
tive agent of infectious bovine abortion and 
sterility. In about 1925, however, in the 
region known as the “Alpenlaender,”’ com- 
prising Switzerland, southern Germany and 
upper Austria, it was noted that breeding 
troubles persisted in herds known to be free 
from Bang’s disease. Investigators then 
began to search for some pathogenic agent 
other than B. abortus that might be respon- 
sible for abortion. 

Drescher (1925) reported that Hopfen- 
gaertner had seen flagellated protozoans, 
which appeared to be trichomonads, in a 
7-month-old bovine fetus. Pfenninger 
(1927) and Riedmiiller (1928) also found 
Trichomonas in a bovine fetus. In the 
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German abattoirs special researches were 
made to find Trichomonas in the uteri of 
slaughtered cattle. The parasite was soon 
found and thus Mazzanti’s (1900) dis- 
covery was confirmed. For example, Wei- 
denauer (1930) found 11 out of 65 uteri to 
be infected with 7. foetus and Drescher 
and Hopfengaertner (1933) found 65 in- 
fected uteri out of 655 examined. 

The first large-scale investigations of 
bovine venereal trichomoniasis were made 
by Abelein (1929 to 1932), a practicing 
veterinarian. By means of a cannula, to 
which a rubber bulb was attached, he with- 
drew material via the cervical canal from 
the uterus of 168 cows having either uterine 
catarrh or pyometra, but free from Bang’s 
disease. Twenty-three samples were found 
to contain either the tubercle bacillus or 
other pathogenic bacteria. Of the remain- 
ing 145 samples, 144 contained Tricho- 
monas. Abelein also examined samples 
from the prepuces of bulls having poor 
breeding records and found trichomonads 
in them. He then conducted experiments to 
test the pathogenicity of T. foetus. Three 
heifers were inoculated intravaginally with 
material that contained bacteria and prob- 
ably the virus of vesicular coital exanthema, 
but free of Trichomonas; these heifers 
served as controls. Four other heifers were 
similarly inoculated with T. foetus. Fol- 
lowing service by a normal bull the control 
heifers did not develop the symptoms that 
Abelein had come to associate with venereal 
trichomoniasis, but the four heifers inocu- 
lated with 7. foetus became infected and 
developed the symptoms. Following the ex- 
perimental infection, one cow became ster- 
ile, one aborted, and the remaining two de- 
veloped pyometra with persistent corpora 
lutea. 

The work of Abelein showed (1) that 
Trichomonas infection occurred in the 
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uterus of cows having uterine catarrh; 
(2) that cattle of both sexes may harbor 
the parasite; and. (3) that experimentally 
infected heifers developed vaginitis, irregu- 
larity of estrum, and uterine catarrh lead- 
ing to sterility or abortion. These data sup- 
port the thesis that 7. foetus is a pathogen. 

Witte (1934) repeated Abelein’s (1932) 
experiment, using a laboratory strain of T. 
foetus that was cultivated free from bac- 
teria. Three heifers inoculated with the bac- 
teria-free strain of 7. foetus became posi- 
tive and developed the characteristic muco- 
purulent trichomonad vaginitis, two becom- 
ing sterile and the third finally conceiving at 
the fifth service. 

Witte’s experimental data tend to empha- 
size the importance of Trichomonas as a 
causative agent of the described disorders 
and to minimize the possible role of bacteria 
or viruses. 

Kiist (1933, 1934, 1935, 1936) also did 
pioneer work in demonstrating the patho- 
genicity of 7. foetus. He and his students 
at the University of Giessen conducted epi- 


zoological studies on bovine trichomoniasis. 
Of 247 sexually diseased cows treated in 
one year at the maternity clinic, 95, or 38% 


were infected with 7. foetus. Kust con- 
cluded that trichomoniasis is second only to 
Bang’s disease in causing abortion and ster- 
ility. By inoculation of material containing 
T. foetus into the prepuce, this author 
(Kist, 1933) produced infection in a bull. 
Small nodular lesions developed on the 
penis, thus causing painful urination and 
other signs of discomfort. A cow served by 
this bull became pregnant and aborted dur- 
ing the tenth week of gestation. 

De Blieck and Bos (1936) in Holland, 
Bourdié (1936) in France, Futamura 
(1936) in Japan, and Stableforth and Scor- 
gie (1937), in association with Gould 
(1937) and White (1937) in England have 
all conducted studies that incriminate T. 
foetus as a pathogen. 

In the United. States, infection with T. 
foetus was first observed by Emmerson 
(1932). Cameron, Fincher and Gilman 
(1933) found T. foetus in a herd of cattle 
in which breeding troubles occurred, the 
conditions being similar to those reported in 
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Germany by Abelein (1932) Kiist (1936) 
and others. Several old bulls that failed to 
sire living calves were found to be infected 
with 7. foetus. The cows served by these 








Fig. 1. A. Diagrammatic drawing of Trichomonas 
foetus (Riedmuller): (1) blepharoplast; (2) anterior 
flagella: (3) posterior flagellum as margin of the (4) 
undulating membrane; (5) accessory filament in the 
undulating membrane; (6) posterior free flagellum: 
(7) costa: (8) axostyle: (9) endoaxostylar granules in 
the capitulum of the axostyle: (10) chromatic ring 
about the axostyle at point of emergence from the 
body: (11) terminal spine of axostyle: (12) parabasal 
body: (13) cytostome; (14) nucleus; (15) caryosome: 
(16) undifferentiated cytoplasm. 
B. Diagrammatic drawing of Trichomonas vaginalis 
from human vagina to compare with Trichomonas 
foetus. Index numbers refer to corresponding parts 
in figure A, except as follows: (5) p 
bar: (6) paracostal granules (not always ‘in a ‘defi- 
nite row): (9) row of granules along the axostyle; 
(10) chromatic granules commonly present in the 
cytoplasm; (11) parabasal fibril. From Wenrich and 
Emmerson, 1933. 





bulls developed uterine catarrh followed 
either by abortion or by pyometra. Walsh, 
McNutt and Murray (1934) also described 
a number of cases of trichomonad endo- 
metritis; they showed that bulls infected 
with 7. foetus had poor breeding records. 
The following experiments and observa- 
tions were reported by Cameron (1935): 
Immediately after service by clean bulls, 
two heifers were inoculated intravaginally 
with material taken from cows which con- 
tained T. foetus; both heifers became in- 
fected. One aborted in the sixth month of 
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gestation ; after 4 services the second heifer 
finally conceived and bore a normal calf. 
Seven cases of trichomoniasis in heifers 
and cows following coitus were also noted. 
All 7 animals developed irregularity of es- 
trum, and there was one case of pyometra 
and one abortion. Schmidt (1937) described 
trichomonad lesions on the penis of the in- 
fected bull. He also found this parasite in 
an aborted fetus. 

At the present time there is quite general 
agreement among investigators throughout 
the world that Trichomonas foetus is an 
important pathogen. 

Description and Cultural Characteristics 
of Trichomonas Foetus 

Trichomonas foetus was described by 
Riedmtller (1928) as napiform, pyriform, 
fusiform or oviform; it was given the spe- 
cific name foetus, because aborted fetuses 
were found to be infected. A close relative 
of this parasite is Trichomonas vaginalis 
Donné, 1837, which has been known for a 
hundred years. The latter occurs in man, 
parasitizing the vagina of females and the 
urethra of males. As many as 20 species 
of the genus Trichomonas have been de- 
scribed, all being parasitic; of these only 
two species, namely, 7. foetus in cattle and 
T. columbe in birds, have been shown defi- 
nitely to produce injury to their respective 
hosts. Exclusive of the flagella, 7. foetus is 
approximately 15# long by 5 wide and is, 
therefore, many times larger than a bac- 
terium. T. foetus multiples by longitudinal 
division and exhibits no sexual phenomena 
in its life cycle. Wenrich and Emmerson 
(1933) have described and figured T. foe- 
‘us from cattle and have compared it with 
T. vaginalis. Their excellent illustrations 
(Fig. 1, A and B) are reproduced in the 
present paper. As shown in fig. 1, A, T. 
foetus is provided with 4 whip-like flagella 
(2 and 3); these flagella have their origin 
in one or more masses of stainable material 
that form the blepharoplast (1) at the an- 
terior end of the body. Three of the flag- 
ella are directed forward and the fourth 
is directed backward, the latter forming the 
margin of an undulating membrane (3) 
along one side of the body. A fifth loco- 
motor organelle, known as the axostyle, 
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takes its origin in or near the blepharoplast 
(8) ; a comma-shaped parabasal body (12) 
is also connected with the blepharoplast. 
The other organelles include the faintly 
staining nucleus (14) with its well-defined 
caryosome (15) and a slit-like mouth or 
cytostome (13). Some of these organelles 
may be seen only when the parasite has been 
killed, “fixed”, and skillfully stained and 
examined under a magnification of at least 
500 diameters. In the living Trichomonas, 
as viewed under low power of the com- 
pound miscroscope, the wave-like move- 
ments of the undulating membrane and the 
jerky movements of the axostyle may be 
readily detected. When a small drop of 
Lugol’s solution is added to the drop of 
fluid containing the parasite, the latter is 
killed and the flagella may be clearly seen. 
Thus, 7. foetus may be identified without 
the aid of all of the above-mentioned cyto- 
logical details. 

The parasite was cultivated free from 
bacteria by Witte (1933) in peptone bouil- 
lon to which 5 to 10% of defibrinated blood 
was added. It was cultivated in association 
with its bacterial contaminants by Gehring 
and Murray (1933) in the modified egg 
serum of Boeck and Drbohlav (1925). 
Glaser and Coria (1935) and Rees (1937) 
have devised methods of isolating T. foetus 
free from bacteria and have grown it in 
pure culture, in the latter medium. 


Method of Transmission 
T. foetus may be transmitted by experi- 
mental inoculation of the parasite into the 
vagina of the cow (Abelein, 1932), into the 
prepuce of the bull (Kiist, 1937), or by 
coitus, from the bull to the cow (Kist, 
1933), or vice versa (Witte, 1934). Ac- 
cording to Andrews and Miller (1935), it 
may be occasionally transmitted to virgin 
heifers under barnyard conditions by means 
other than coitus. 
Description of the Disease in the 
Female Genital Tract 
Trichomonas foetus finds a suitable en- 
vironment in the vagina of bovide for 
growth and reproduction. All investigators 
agree that a mucopurulent vaginitis de- 
velops following infection with this organ- 
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ism, but Stableforth and Scorgie (1937) 
are in disagreement concerning the produc- 
tion by 7. foetus of a “raspy” vaginitis 
such as described by Abelein (1932) Kiist 
(1936) and others. There is general agree- 
ment that the vaginitis runs its course in 
from two weeks to several months after 
its onset, the vagina then becoming immune 
to subsequent infection with trichomonads. 
The real damage caused by T. foetus occurs 
in the uterus, the infection taking place 
through the cervical canal. According to 
Kiist (1936) the endometritis or uterine 
catarrh that follows trichomonad infection 
may have one or more of the following 
consequences : 

(1) It may be relatively benign, not in- 
terfering with intrauterine embryonic de- 
velopment; (2) it may prevent conception 
and cause irregularity of the estrus cycle, 
thus leading either to temporary or per- 
manent sterility ; (3) failing to prevent con- 
ception it may lead to early death of the 
fetus in utero, with retention of the corpus 
luteum, as well as the cervical seal of preg- 
nancy, in which case the dead fetus is not 
aborted, but the uterine secretion accu- 
mulates and a case of pyometra develops 
which may not be detected until full term; 
one uterus examined by Daust (1934) con- 
tained 36 liters of pus that resembled egg 
soup, and was teeming with T. foetus; (4) 
it may fail to prevent conception but lead 
to early abortion (Abelein, 1932), or to 
late abortion (Benesch, 1936). In either 
case when abortion is complete it is fol- 
lowed by normal involution and by recov- 
ery and restored fecundity of the cow; if, 
on the other hand, abortion is incomplete 
normal involution fails to occur and a pur- 
ulent endometritis develops. 

A case of “full term” trichomonad pyo- 
metra in a cow was described by Gould 
(1937), Stableforth and Scorgie (1937) 
and White (1937). When first seen by 
Gould (1937) this cow had gone a fort- 
night past full term without calving. Fur- 
thermore she had shown no signs of ap- 
proaching parturition and had shown no en- 
largement of the udder. On rectal exam- 
ination the size of the uterus corresponded 
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to that of an animal due to calve but no 
calf or cotyledons could be palpated. A 
week later the uterus had reduced in size 
to that of an animal four to five months 


in calf. When two months past full term 
the cow was slaughtered and the uterus was 
examined by Stableforth and Scorgie 
(1937). It was slightly enlarged and the 
body was firmer than normal, the walls be- 
ing more than a half an inch in thickness. 
The uterine cavity was filled with thick 
clotted material containing T. foetus. The 
histopathology of the uterus of this animal 
was described by White (1937) as follows: 
“The epithelium of the uterine mucosa 
varied considerably in appearance in differ- 
ent blocks of material. In some, it con- 
sisted of several layers of cells (so-called 
pseudo-stratified epithelium) ... . The 
epithelium was everywhere infiltrated with 
neutrophile and eosinophile leucocytes. In 
other sections the epithelium was lacking, 
although the material was fixed immediately 
after slaughter, and there can, therefore, 
be no question of post-mortem changes. 
Immediately beneath the epithelium was the 
normal fibrous layer of the mucosa, densely 
infiltrated with cells and containing the 
ducts of the uterine glands, the epithelium 
of the latter always being intact. Here, and 
in the underlying reticular zone of the 
mucosa, were foci of dense cellular infil- 
tration, usually forming a thick mantle 
around congested blood vessels. The cells 
were lymphocytes, found in very large num- 
bers in the mucosa. Eosinophiles were pres- 
ent in enormous numbers scattered diffusely 
throughout the whole wall of the uterus, 
and in the perivascular foci of cellular in- 
filtration. In preparations stained with 
Giemsa, many basophil leucocytes (mast 
cells) were seen beneath the epithelium, in 
the adventitia of blood vessels throughout 
the uterine wall, and in enormous numbers 
in the serosa. No giant cells were seen and 
special staining failed to reveal the presence 
of trichomonads in any of the sections ex- 
amined.” 

In summarizing the literature on Tricho- 
monas infection of the female genital tract, 
the following points are emphasized: (1) 
A temporary vaginitis occurs, followed by 
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uterine catarrh of indefinite duration; (2) 
conception may be temporarily or perma- 
nently prevented, or conception may occur 
and be followed by death of the fetus i 
utero; (3) the dead fetus may be aborted 
or retained; in the latter event severe pyo- 
metra develops. 

Description of the Disease in the Bull 

The penis first becomes infected; in this 
organ nodular lesions were described by 
Kust (1933) who also stated that as a re- 
sult of soreness of the penis a bull became 
“deckfaul,” or reluctant to serve. In the 
bull the infection localizes in the prepuce; 
later, according to Cameron, Fincher and 
Gilman (1933), other parts of the genital 
tract as high up as the epididymus may be- 
come infected. However, so far as can be 
determined, 7. foetus does not exert any 
deleterious action on the spermatozoa; fe- 
cundity does not appear to be impaired, but 
the bull may be a transmitter of T. foetus. 
Infection in the bull may be so light as to 
escape detection by the means that are ordi- 
narily employed for diagnosis ; however, the 
infection usually persists for a long time, 
and in fact, it is not known whether an in- 
fected bull ever becomes free from infec- 
tion. 

II. REPORT ON PRESENT 
INVESTIGATION 
Equipment Used for Diagnosis 
For obtaining samples from the vagina 
or the prepuce, a pipette devised by An- 
drews and Miller (1937), was used. This 
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in %-inch of the closed end of the tube a 
hole not more than 3-inch in diameter is 
then blown out. This pipette can be in- 
serted into the genital tract of the female 
without producing injury. A pipette was 
made for each animal to be tested; each 
pipette was wrapped in paper and sterilized 
in an autoclave. 

Other equipment consisted of a com- 
pound microscope, glass slides, a medium- 
sized glass funnel, tubes of culture media, 
and an incubator which maintained a tem- 
perature at or near 37.5°C. The culture 
medium used in the present work was de- 
scribed by the writer Rees (1937), and con- 
sisted of a slant of coagulated whole egg 
covered with Ringer’s solution to which 
0.2% dextrose and 0.5% of defibrinated 
whole blood were added. 


Method of Making the Diagnosis 

A sample from the cow was obtained as 
follows: a pipette was dipped into a tube 
of culture medium and several cubic centi- 
meters of the fluid withdrawn. An attend- 
ant then pulled the tail of the cow to one 
side and held it. Without touching any 
part of the genitalia of the cow with the 
hand, the operator inserted the pipette into 
the vagina as far as possible. If the vaginal 
sphincter was tightly closed, care was taken 
not to penetrate the urethra, and time was 
allowed to force the entrance of the pipette 
into the vagina. By means of the rubber 
bulb the culture fluid in the pipette was 
expelled into the vagina; some of the fluid 


= | 








Fig. 2. Pipette for collecting vaginal and preputial samples. 


pipette is illustrated in fig. 2, and is made 
as follows: at a point 4 inches from one 
end, a piece of glass tubing, approximately 
3-inch in diameter and 20 inches long is 
bent in a flame to form an angle of approxi- 


mately 150°. To the end nearest the bend 
of the tube a rubber bulb of 50cc capacity 
is attached. The other end of the glass tube 
is rounded off and closed in a flame. With- 


which now contained pus cells, epithelial 
cells, mucus, and Trichomonas, if the lat- 
ter were present, was then withdrawn into 
the pipette and removed from the vagina. 
All of the fluid contained in the pipette, 
except for a drop remaining at the tip, was 
expelled into the same tube of culture me- 
dium from which the liquid for flushing 
the vagina was originally taken. The drop 
adhering to the pipette was transferred to 
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a slide for immediate microscopic examina- 
tion. No cover slip was used, but reduced 
illumination, a 10 X ocular and a 16 mm 
objective were required. A negative re- 
sult at this examination was not considered 
final unless confirmed 36 to 48 hours later 
by an examination of the main portion of 
the sample after incubation at 37.5°C. 

In animals that were killed because of 
venereal trichomoniasis, the entire genital 
tract was examined. Sections from the 
uterus of some of the animals were then 
prepared and examined. 

By inserting the pipette into the prepuce 
of the bull, a sample was obtained in the 
same manner as was the sample from the 
vagina. In order to make a complete diag- 
nosis in the bull two other samples, one 
from the seminal vesicles and one from the 
vasa deferentia, were taken by the method 
described by Miller and Evans (1934). 
In order to secure specimens from the 
seminal vesicles and vasa deferentia, a vet- 
erinarian inserted his arm into the rectum 
of the bull and massaged first the seminal 
vesicles and then the vasa deferentia. Dur- 
ing this operation an attendant obtained the 
samples by holding a funnel and culture 
tube beneath the prepuce; the first sample 
was the secretion of the seminal vesicles 
and the second was semen. The material 
thus collected was examined in the same 
manner as was the vaginal sample from the 
cow. However, since in the bull the tricho- 
monads are known to be very scanty, con- 
siderable more time was spent in the imme- 
diate examination of the sample than was 
the case with samples from the cow. 


Description of the Herd 


The herd which the writer has studied 
for about 18 months is located near Belts- 
ville, Md., and consists of approximately 
300 dairy cattle ; of these 20 are bulls. One- 
third of the females are purebred Holsteins, 
one-third, purebred Jerseys, and the rest 
grades. The breed, however, appeared to 
be unimportant and is not known to have 
any influence on resistance to the disease. 
In this herd replacements are made only 
rarely from outside herds. The animals ex- 
amined included (1) virgin heifers between 
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the ages of 9 and 15 months, (2) older 
heifers and cows up to 10 years of age, 
(3) slaughtered cattle and (4) herd bulls 
ranging from 1% to 14 years of age. 
Herd Management 

At frequent regular intervals the herd 
was tested officially for tuberculosis and 
Brucella abortus infection. At 3 months 
of age the bull and heifer calves were sep- 
arated and maintained in specially con- 
structed barns with accessible feed lots. 
When a heifer reached the age of 15 months 
her breeding program commenced, records 
being kept of all periods of estrum and 
service by bulls. All other important events 
occurring in the life of each animal in the 
herd were placed on record. Therefore, 
in the absence of other disease that might 
have complicated the picture, by the isola- 
tion of the two sexes, and with the aid of 
a detailed history chart for every animal, 
it has been possible to rule out complicating 
factors and to trace the origin of each 
case of venereal trichomoniasis. By check- 
ing the records of the infected cattle against 
those. of the. noninfected ones, the relative 
loss of fecundity due to Trichomonas was 
determined. Answers were sought to the 
following questions: (1) Under barnyard 
conditions does infection with 7. foetus 
occur through means other than coitus; (2) 
does resistance develop with age or does 
the bearing of calves produce resistance; 
(3) under what conditions does the uterus 
harbor the infection after it has disappeared 
from the vagina; (4) is there a focus of 
infection in the seminal vesicles or the vasa 
deferentia of the male; and (5) what char- 
acteristic symptoms and pathological condi- 
tions resulting from venereal trichomoniasis 
occur in this herd? 


Incidence of Infection in Heifers 
and Cows 


The data on the living heifers and cows 
examined are shown in tables 1, 2, and 3. 
Table 1 shows a total of 11 positive results 
in the entire herd. Details concerning these 
are presented in table 2. Table 1 also 
shows a positive diagnosis in a virgin heifer 
(heifer 37 of table 2). The diagnosis of 
trichomoniasis in heifer 37 was based on an 
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examination of an incubated vaginal sample 
taken on December 23, 1936, the immedi- 
ate examination on this date being negative. 
Table 2 shows, however, that both exam- 


TABLE 1, RESULTS OF EXAMINATIONS FOR T. FOETUS OF 223 


HEIFERS AND Cows oF A Dariry HERD 





Older heifers and 
Virgin heifers? cows? 





Period of 
examination? 


Positive 


Total 
ov number 











9/23-10/6, ’36 
12/6-12/23, ’36 
1/22-2/4, ’37 
3/2-4/9, °37 
5/5-5/14, '37 
6/24-7/1, ’37 
8/23-9/7, '37 121 

1 Each period was the time required to make ex- 
amination of available females of the herd, from 
25 to 50 examinations being made in a day. 

2 Virgin heifers comprise all females under 15 
months of age. 

*Older heifers 
months of age; 
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comprise all females over 15 
they may or may not be virgin. 





inations of the sample taken for con- 
firmation on December 24 were negative. 
Qn the other hand from all other posi- 
tive females shown in table 2, the sam- 
ple taken for confirmation the day follow- 
ing the positive diagnosis, showed tricho- 
monads and thus the diagnoses were con- 
firmed. Table 2 also shows that on 7 test- 
ing dates heifer 37 was negative. In the ab- 
sence of confirmation the accuracy of the 
diagnosis of heifer 37 is, therefore, open 


Tasce 2. Recorps oF EXAMINATIONS OF HEIRERS 


ano Cows THat WERE PositTIvE For T. 
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to question. However, the data as recorded 
in table 1 show an average incidence of in- 
fection of approximately 3% in the virgin 
heifers and of 8% in the females of breed- 
ing age. 

Further details concerning the positive 
cases shown in table 2 are reported in table 
3. The following case histories were com- 
piled from the data of the latter table: 


Heifer 13—On September 16, 1936, heifer 13 
was served for the first time by bull 65; the heifer 
contracted venereal trichomoniasis which was diag- 
nosed on September 23, 7 days later. This heifer 
apparently failed to conceive, but did not again 
show signs of estrum for 79 days, or until Decem- 
ber 4, when as a result of the second service the 
heifer conceived and, on August 23, 1937, bore a 
normal calf. In the case of this heifer the recur- 
rence of 3 periods of estrum was prevented dur- 
ing which interval an abortion may have occurred. 
However, the heifer finally conceived and has 
calved normally. 

Cow 18.—Cow 18 was known to be affected with 
trichomoniasis before the studies by the present 
writer were commenced. As a result of an uterine 
infection this cow became sterile, thus necessitat- 
ing the slaughter of the animal on April 21, 1937. 
Data on this case are presented in table 4. 


Heifer 19—Heifer 19 was served for the first 
time on January 9, 1936, by bull 35. Seven other 
services by the same bull followed at intervals of 
36, 18, 20, 20, 19, 20 and 19 days, respectively. 
Conception resulted from the service on June 10, 
1936, and a positive diagnosis of trichomoniasis 
was made on October 1. On December 7, or the 
180th day of gestation, this heifer aborted. At the 
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time of its occurrence, no report of this abortion 
was made to the writer and neither the condition 
of the fetus and membranes nor the presence or 
absence of the parasite are known. After the abor- 
tion, a period of sexual rest of six months was 
during this time the tests, as 
shown in table 2, were negative for 7. foctus. 
After service by bull 35, on June 24, 1937, this 
heifer did not become pregnant; she missed the 


given this animal; 


Tas_E 3. BREEDING REcoRDS OF HEIFERS 
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with an intervening abortion. Following the sery- 
ice on January 20 there were 3 other services at 
32, 29, and 44 day intervals, respectively. Follow- 
ing the last service on May 5, the heifer became 
pregnant and a normal calf was born on February 
10, 1938. In this animal pregnancy was delayed 
following infection with foetus and irregu- 
larities in the estrus cycle occurred. 


Cow 66.—On November 7, 1936, cow 66, aged 


AND Cows INFECTED WITH TRICHOMONAS FOETUS. 
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Normal calf, Aug. 23, 1937 
Killed April 21, 1937 (see table 4) 
Calf expected June, 1938 
Normal calf Dec. 20, 1937 


next period of estrum being served on August 6, 
after 43 days, and again on August 27, and also 
on September 16. Whether she is pregnant at the 
present time is not known. In this instance T. 
foetus probably caused an abortion and appears 
to have delayed or inhibited the second pregnancy. 

Heifer 25—On November 20, 1936, heifer 25 
was served for the first time by bull 65 and con- 
tracted venereal trichomoniasis which was diag- 
nosed on December 7. She failed to become preg- 
nant, and on December 21, after a period of 31 
days, she was again served and failed to conceive. 
During the 76 days following December 21, this 
heifer did not show signs of estrum but on March 
7, 1937, she was served again by bull 65 and be- 
came pregnant, and on December 20 she bore a 
normal calf. In the case of this heifer T. foetus 
appears to have delayed pregnancy for almost 4 
months during which time there were irregulari- 
ties of the estrus cycle. 

Heifer 33—Heifer 33 was over 20 months old 
when bred for the first time on November 5, 1936. 
She contracted trichomoniasis from bull 35 on that 
date, the diagnosis being made on December 23, 
or 48 days later; during this interval there were 
no further services. However, on January 20, 1937, 
76 days after the first service, this animal came 
in heat and was served again by the same bull. 
During this 76 day period the normal estrus cycle 
was inhibited; there may have been a pregnancy 


(e) Normal calf Feb. 10, 1938 (h 
(f) Calf expected in June, 1938 ( 
(g) Calf expected in April, 1938 ( 


) May or may not be pregnant 
i) do 
jd do 


5 years, bore her third calf; 50 days later, on 
December 27, she was served by bull 65 and con- 
tracted trichomoniasis which was diagnosed on 
January 28, 1937. She failed to conceive following 
this service and was served 4 more times at in- 
tervals of 45, 5, 16, and 18 days, respectively. 
After the fifth service there was an interval of 
134 days without the recurrence of estrum until 
August 2, 1937, when the cow was served for a 
sixth time. For the greater part of the time be- 
tween the fifth service on March 21, and the sixth 
service on August 2, this cow had been on pasture; 
an unobserved abortion may have occurred. This 
cow was served a seventh time by bull 65 on 
September 11, and again on October 6. At the 
present time the condition of this animal as re- 
gards pregnancy is not known. Irregularities ot 
the estrus cycle and either a delay of conception 
of over 9 months or an abortion occurred follow- 
ing infection with T. foetus. 

Cow 68.—Up to March 15, 1937, cow 68 was a 
normal 3 year old having borne one healthy calf. 
This cow was served on the above date by bull 35 
and contracted venereal trichomoniasis which was 
diagnosed on April 7. She did not become preg- 
nant at the first service, and conception did not 
follow 3 other services by the same bull at inter- 
vals of 46, 10, and 26 days. Following a fifth serv- 
ice on June 25, 1937, this cow showed evidence of 
pregnancy. At the present time it appears that in 
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this animal 7. foetus caused a delay in conception 
for at least three months. 


Heifer 88—Heifer 88 was a virgin up to April 
28, 1937, when served by bull 16. She contracted 
trichomoniasis during the first coitus on the above 
date, the infection being diagnosed 9 days later, 
on May 7. There were no other services until 
September 11, 1937, after an interval of 136 days. 
An unobserved abortion may have occurred. It 
appears, however, that in this animal infection 
with T. foetus prevented conception and inhibited 
estrus. 


Cow 104.—On October 20, 1936, when she was 
served by bull 35, cow 104 was 4% years old and 
had borne only one calf. She did not conceive on 
October 20, and between that date and April 29, 
1937, inclusive, there were 7 other services by the 
same bull without a resulting pregnancy. The 
periods between services were 40, 5, 36, 63, 16, 12, 
and 19 days, respectively. This irregularity sug- 
gests that an infection with T. foetus occurred on 
October 20, 1936; the diagnosis, however, was not 
made until May 7, 1937. After the service on April 
29, this cow did not come in heat again until July 
1, a period of 63 days. Ninety-six days later, on 
October 5, the cow again came in heat and was 
served by bull 35. At the present time her condi- 
tion is not known. A full evaluation of the dam- 
age caused in this case by T. foetus can not be 
made because of inadequate data. 


Cow 184.—On September 13, 1936, cow 184 was 
a normal healthy 4-year old having on that date 
borne her second healthy calf. On November 23, 
71 days after calving, she was served by bull 24 
but did not conceive. Between November 23, 1936, 
and May 2, 1937, inclusive, this cow was served 
7 times, the first 5 times by bull 24 and the last 2 
times by bull 16. On May 7, 5 days after service 
by bull 16 this cow was negative for T. foetus, but 
was positive for the organisms on June 25, there 
having been no intervening service. Between May 
2, and August 26, this cow missed 5 calculated 
periods of estrus. Hence, she was thought to be 
pregnant and there may have been an abortion 
during the 116-day interval but, if so, the fetus 
was not seen. She was served again September 19 
and again on October 16. On February 14, 1938, 
17 months after her second calving, cow 184 is 
probably not pregnant. But even if she is pregnant 
and should bear a third living calf, a period of 
over 2 years after the second calving will have 
elapsed. 7. foetus appears to have caused a loss of 
fecundity in this cow. 


Relative Fecundity of the Infected and 
Noninfected Heifers and Cows 


On September 17, 1937, a count made 
of the calves produced between September 
17, 1936, and September 17, 1937, by 122 
of the heifers and cows in which the writ- 
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er’s examinations for T. foetus were nega- 
tive showed a total of 81 calves or 0.7 calf 
per female; an average of two services by 
the bull was required to produce pregnancy. 
On the other hand table 3 shows that dur- 
ing the same period the 10 females that had 
trichomoniasis produced only two calves 
and one of the latter was born to cow 66 
before she became infected. Therefore, the 
calf crop of infected females was 1, or an 
average of 0.1 calf per animal. Compar- 
able figures on the services required for 
pregnancy are not available. 


Slaughtered Heifers and Cows 


As shown in table 4, many of the data 
concerning trichomoniasis in the 9 slaught- 
ered females were taken by other investiga- 
tors before the studies by the present writer 
commenced. Five of these animals, Nos. 
76, 230, 190, 113 and 204 became pregnant 
and developed pyometra resulting from 
Trichomonas infection, and were treated 
surgically. In each case fluid was aspirated 
from the uterus either through an incision 
or via the cervical canal. At necropsy the 
uteri of all of these cases were infected 
with bacteria. Therefore, these organs 
showed inflammatory reactions caused by 
bacteria which masked all effects that may 
have resulted from trichomoniasis. In 3 
of the above 5 cases the fecundity had been 
lost, and in the other 2 cases it had been 
either lost or seriously impaired. In four 
females, 428, 430, 256 and 18, infection 
with Trichomonas inhibited pregnancy and 
apparently caused sterility. Sections pre- 
pared from the uteri of heifers 428 and 430 
showed the following results: 


The uterus of 428 was normal. Except 
for all absence of perivascular inflamma- 
tion, the uterus of 430 showed a histopatho- 
logical picture similar to that reported by 
White (1937) in a cow having full term 
trichomonad pyometra. Observations by 
the present writer, as well as by previous 
investigators, showed no penetration of T. 
foetus into the uterine mucosa. In general, 
histopathological studies have failed to 
show how T. foetus produces injury to the 
uterus. 
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Taste 4. History anp Necropsy Notes or CATTLE SLAUGHTERED BECAUSE OF VENEREAL TRICHOMONIASIS. 





Animal |, Age at : 
designation] Slaughter History 
(years) 


Date Killed Necropsy 








Cow 76 5 Bore 2 normal calves. Bred June 2, 1935] July 20, 1936 Small fetal bones, pus, bacteria 


to bull 65; became pregnant and infected and T. foetus in uterus, other- 
with T. foetus. Developed pyometra; pus wise not much change from nor- 
drained from uterus but normal involution mal. : 
failed to occur; the cow became sterile. 








uterus filled with pus containing T. 


10; conceived. No calf at full po but and T. foetus. Walls of uterus 
foetus. thicker than normal, not much 


Heifer 230 | 3 Had no calves. Bred Nov. 2, 1934 to bull] July 29, 1936 Uterine fluid positive for bacteria 
| 
| 


tion failed to occur. 


Caesarian operation _ performed when 3 enlargement above normal. Uter- 
months past term. Liquid containing T. ine mucosa lined with calcareous 
foetus aspirated from uterus; corpus luteum nodules. 

removed from ovary. Post operative involu- 








occur. 





Bore 2 normal calves. Bred Sept. 27, 1935] April 4, 1936 Uterine fluid heavily infected with 
to bull 77, became pregnant but infected bacteria and positive on culture 
with T. foetus ; failed to calve at full term. for T. foetus. Walls of uterus 
Pus containing 7. foetus drained from thickened, uterine mucosa _re- 
uterus. Post operative involution failed to placed by diphtheritic membrane. 











Heifer 428 Has borne no calves. Served 17 times by| Sept. 4, 1936 Uterus contained T. foetus free 


periods, without conception. 


bull 83 during 1935 and 1936 at irregular from bacteria; normal in size, 


appearance and in sections. 








Heifer 113 Has borne no calves. Bred first time at 15] Dec. 4, 1936 Uterine fluid heavily infected 


uterus. 


months on Sept. 23, 1935 to bull 16 and 3 with bacteria and positive on cul- 
times thereafter. Conceived at last service. ture for 7. foetus; wall thick- 
At “full term’ had severe case of pyometra. ened, mucosa necrotic. 

Pus containing 7. foetus drained from 











Heifer 430 3 Has borne no calves. Bred many times to} Feb. 2, 1937 Uterus negative for T. foetus. 


bull 86 between 15 months of age and date Uterus somewhat larger than 
of slaughter without conception. During part normal, walls thickened. Mucosa 
of that time was positive for 7. foetus. and reticular zone heavily infil- 


trated with eosinophiles, mast 
cells and some plasma cells. No 
perivascular inflammation. 











Cow 204 Two normal calves. Bred on April 7, 1936,] Feb. 3, 1937 Uterus negative for T. foetus, se- 


to calve. Pus containing 7. 
drained from uterus. 





to bull 65 and became pregnant but failed vere endometritis with heavy bac- 
foetus was terial infection. Uterine mucosa 


replaced by thick layer of round 
cells and myelocytes. 











Heifer 256 Bore no calves. Bred 10 times to bull 83;} Mar. 5, 1937 Uterus normal, negative for 7. 


foetus. 


failed to become impregnated; was found by foetus. No sections prepared. 
dairy veterinarian to be positive for 








Bore 2 calves. Bred on May 30, 


bull 35; failed to become pregnant. 
found positive for T. foetus (by the dairy from bacteria. Sections not pre- 
ae early in 1936) by the writer on pared. 

Oct. 1, 1936. Failed to come in heat again. 


1936, to} Apr. 21, 1937 Uterus normal in size; filled with 


Was pus containing 7. foetus free 








Bull 84 Positive for T. foetus during 18 months} Jan. 13, 1937 Scraping of penis contained 1 


previous to slaughter. 








living foetus. Remaining geni- 
tal tract negative both on direct 
examination and on culture. No 
lesions observed. 











1Reported also in tables 2 and 3. 


Data Concerning the Bulls 
The outstanding point brought out in 
table 5 is the high incidence of infection of 
30% in the bulls as compared with an inci- 
dence of only 8%, calculated from table 1, 
in the heifers and cows of breeding age. 


The former figures were obtained from an 
average of only two examinations per bull 
compared with seven examinations per ani- 
mal in the case of females. Table 4 shows 
that bulls 83 and 86, which are reported 
negative in table 5, were positive sometime 
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either during 1935 or early in 1936, tricho- 
moniasis having been transmitted to heifers 
428 and 256 by bull 83 and to heifer 430 
by bull 86. More data concerning bulls 
83 and 86 are needed to determine whether 
they have actually become free of infection 
as table 5 appears to indicate. If these two 
cases are added to the six cases of table 5 
they raise the total incidence of infection 
from 30% to 40% of the 20 tested bulls and 
even to 64% of 14 bulls that served the 
females examined by the writer. 


In agreement with previous investigators 
the writer has found that the parasites 
were scanty in the bull. For example, the 
data given in table 3 show that bull 35 
transmitted trichomoniasis to 5 heifers and 
cows, Nos. 18, 19, 33, 68 and 104; however, 
as may be inferred from table 5, during 
September 1937 the parasites in this bull 
were scanty, 3 consecutive examinations 
being required for a positive diagnosis. 
Furthermore, from bull 65 that transmitted 
the infection to heifers Nos. 13 and 25 and 
to cow No. 66, only two out of four exam- 
inations were positive. 

Other data of table 5 show that the six 
infected bulls were all potent, having in one 
year sired a combined total of 48 living 
calves. 

In summarizing the data on the bulls, it 
may be noted, (1) that the incidence of 
infection was 30% or higher, (2) that two 
bulls diagnosed as negative during 1937 
transmitted trichomoniasis during 1935 or 
1936, (3) that in infected bulls the para- 
sites were scanty and (4) that all infected 
bulls were sexually potent. 

The following questions have arisen for 
which the data at hand do not furnish 
answers: Were the mothers of the 48 
calves by the 6 positive bulls, infected with 
l. foetus during gestation or were they free 
from infection? In the latter event, was 
freedom due to immunity or to failure of 
transmission by the bulls? 


Summary of Data on the Herd 


The cases of venereal trichomoniasis re- 
ported in heifers and cows in the present 
paper are similar to those described by 
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Stableforth and Scorgie, Gould and White 
(1937). Neither the present writer nor the 
investigators mentioned observed a “raspy” 
vaginitis such as was described by Abelein 
(1932), Kitist (1933, 1936) and others. 
However, in the present work as well as 
in that of previous investigators the fecund- 
ity of the affected cows was diminished. 
The disturbances of reproductive function 
that were observed in the herd investigated 
included mild cases, as well as grave cases, 
the latter becoming sterile. One verified 
case of abortion and several cases of full 
term pyometra occurred. 

Earlier in the paper five specific questions 
were raised as follows: (1) Under barn- 
yard conditions does infection with T. 
foetus occur through means other than 
coitus; (2) does resistance develop with 
age, or does the bearing of calves produce 
resistance; (3) under what conditions does 
the uterus harbor the infection after it has 
disappeared from the vagina; (4) is there 
a focus of infection in the seminal vesicles 


or the vasa deferentia of the males; and 


(5) what are the characteristic symptoms 
and pathological effects of bovine venereal 


trichomoniasis? On question 1 the data 
obtained from the herd have not furnished 
a definite answer since the one positive di- 
agnosis in a virgin heifer was not confirmed 
by subsequent examinations; question 2 
appears to be answered in the negative, 
since older cows that had borne calves as 
well as heifers became infected. The case 
of cow 18 provides data on question 3. As 
shown in table 2 the vaginal samples from 
this cow were positive on October 1 and 
3, 1936, and negative thereafter until she 
was slaughtered on April 21, 1937. As 
shown in table 4 the uterus was then infect- 
ed with bacteria-free T. foetus. Therefore, 
the uterus was infected for at least 6 
months after the vaginal infection had run 
its course. Indefinite information is fur- 
nished on question 4.° According to table 
4 the penis of bull 84 slaughtered on Jan- 
uary 13 was infected; other parts of the 
genital tract were negative. The data ob- 
tained on question 5 show that in the vag- 





ina there were no characteristic lesions; a 
catarrhal condition of the uterus developed, 
but the trichomonads did not penetrate into 
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work to take uterine samples. The same 
end might also be accomplished by exam- 
ining the bulls, as in that case only one or 


TasLe 5. Data oN Butts ExaAMINED FOR TRICHOMONADS AND THE NuMBER OF CALVES SIRED BY THESE BULLS. 





Dates during 1937 of examination for trichomoniasis with results 
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1 Died on March 19, 1937; 

2 Killed March 12, 1937. See necropsy notes, table 4. 

3 These bulls not used on females in this group. 
the tissues of this organ. No information 
was furnished concerning the lesions in the 


male genital tract. 
Discussion 

It is necessary to learn to what extent 
cattle in various countries are infected with 
T. foetus. As pointed out by Stableforth 
and Scorgie (1937) there are two aspects 
to the question, as follows: (1) the num- 
ber of herds in which infection occurs and 
(2) the incidence of infection in each herd. 

To determine with a minimum of time 
and expense whether a given herd harbors 
T. fuetus it is advisable to proceed as fol- 
lows: (1) restrict the sampling to the heif- 
ers; (2) take vaginal samples not earlier 
than 2 weeks nor later than 6 weeks after 
the first service by the bull. If at these 
times the heifers do not show infection with 
T. foetus the bull that served the heifers 
and the herd in question should be listed as 
not infected. Samples from the uterus 
rather than the vagina would be better 
suited for diagnosis because infection of 
the former organ is of long duration; 
however, it is not practicable in routine 


cause of death undetermined. 


Total 91 


several animals per herd need be exam- 
ined; bulls, however, are usually not han- 
dled with safety, and are restrained with 
difficulty; and, furthermore, the parasites 
are scanty, and positive cases might easily 
be missed. The last disadvantage is not off- 
set by incubation of the sample in vitro be- 
cause it contains many bacteria which pre- 
vent the multiplication of T. foetus. 

The data of the present paper, which 
show a disproportionate incidence of infec- 
tion of 30% in bulls compared with only 
8% in the heifers and cows, suggest that 
many positive cases occurring among the 
females were not detected. It appears, 
therefore, that a more reliable method of 
diagnosis is needed to determine the true 
incidence of infection in this herd. More 
dependable figures might have been ob- 
tained by examining the females within a 
few days after service rather than en masse 
as was done in the herd tests. The exam- 
inations of the cattle of this herd are being 
continued, the objective being to meet some 
of the difficulties of diagnosis which the 
data of the present paper have disclosed. 
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Summary 

1. Bovine venereal trichomoniasis is 
caused by a flagellated protozoan, Tricho- 
monas foetus. 

2. The genital tract of both males and 
females may be infected; the disease is 
ordinarily transmitted during coitus. 

3. In the cow the parasite induces a 
secretion of mucus and accumulation of 
pus in the vagina, frequently followed by 
an uterine catarrh that may lead to sterility 
or, in the event of conception, may lead to 
pyometra or abortion. 

4. In the bull the parasite may produce 
temporary inflammation of the penis, but 
no injury to the spermatozoa. 

5. Recovery of the cow appears to lead 
to immunity; it is not known whether the 
bull throws off the infection. 

6. An average of 125 females of breeding 
age in a dairy herd under observation were 
examined 7 times; 10 of these (8%), were 
found positive for trichomonads. 

7. From the infected heifers and cows 
the average annual calf crop was 0.1 calf 
per cow; from the noninfected ones the 
average was 0.7 calf per cow. 

8. Nine females were slaughtered ; all had 
been infected with T. foetus. Five of the 
cows had been pregnant and had reached 
full term without calving ; 4 appeared to be 
sterile. At necropsy the uterus contained 
T. foetus in 6 cases, and was negative in 3 
cases. JT. foetus was not found in sections 
of the uterus. 

9. Six of 20 bulls, or 30%, were positive 
for T. foetus. Each infected bull sired 
some living calves. 

10. In a slaughtered bull that had har- 
bored T. foetus for several years the para- 
site was found on the penis. All other parts 
of the genital tract were negative. 
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Factors Preventing Perosis in 
Chickens 

The factors responsible for the cause and 
cure of rickets in chicks do not affect pero- 
sis.83 In most instances excessive minerals 
in the diet only aggravate existing perosis 
In the experiments conducted by the au- 
thors a basal, perosis-producing ration was 
fed to chicks. Various materials were added 
to the basal diet or to the drinking water, 
and their effects on perosis noted. Water 
extracts of wheat bran, wheat gray shorts, 
wheat embryo, or alfalfa did not prove 
very effective in preventing perosis, but a 
drinking solution consisting of the water 
extract of rice bran largely prevented the 
eccurrence of defective legs and resulted 
in larger, smoother, better-colored legs and 
accelerated growth. The ash of 70 pounds 
of rice bran added to 100 pounds of the 
basal ration also prevented perosis. There 
was evidence of a correlation between the 
manganese content of a ration and its cura- 
tive properties, but the protective action of 
certain rations having no manganese addi- 
tions indicated that other factors may be 
involved. 


G., and R. Penquite. Factors Producing 


53 Heller, V. 
and Preventing Perosis in Chickens. Poultry Sci. 16: 
2 13-246. 
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Canine Pediatrics 
II. Basic Nutritional Principles Applied to 


Puppy Feeding 


REAT progress has been made in 
J recent generations in reducing 


the infant mortality rate among 


humans. Much of that progress is due 
directly to nutritional knowledge  con- 


tributed by biochemistry through experi- 
mental and clinical work. 

The practice of pediatrics among phy- 
sicians is built upon the biochemist’s vast 
store of proved knowledge of the nature 
of physiological processes and their re- 
lationship to nutrition. 


NTIL comparatively recent years 

this knowledge has not been applied 
extensively to animal nutrition, and vet- 
erinary medicine, therefore, has been 
without one of its potentially most valu- 
able and effective weapons to combat 
mortality among all kinds of domestic 
animals and poultry. In this department 
some statistics were given last month 
showing the appalling loss among the 
young of domestic animals and the need 
for a better application of the accumu- 
lated knowledge for its prevention. 

The dairy industry, in particular, has 
been constantly alert to the findings of 
nutritional and medical research especial- 
ly concerning the advance of infant wel- 
fare. The large milk companies have 
been prompt in applying to their prod- 
ucts the fundamental principles of sig- 
nificant new developments, thereby 
bringing to the consumer practical bene- 
fits of laboratory achievements. They 
maintain well-equipped and _ capably 
staffed research organizations which 
themselves have contributed much to 
sound nutrition practice. 

Exemplifying the scope and activities 
of the technical research sponsored by 
The Borden Company, are the contribu- 
tions of their biological and chemical 
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laboratories wherein Dr. G. C. Supplee 
and his staff made available for practical 
adoption a method for concentrating and 
isolating pure lactoflavin from milk, for 
which service they were awarded recogni- 
tion by the American Medical Associa- 
tion in 1936. 

The lactoflavin discoveries found im- 
mediate and practical application for a 
better understanding of nutrition for 
poultry and animals. 


ITH this vast background of nu- 

trition knowledge especially as 
applied to the feeding of infants, it is 
natural that investigators in the milk in- 
dustry should pioneer in the parallel 
study of the nutritional requirements of 
puppies. 

As a result of extensive laboratory and 
clinical work with puppies during recent 
years, Borden research workers have de- 
veloped a simulated bitch’s milk on which 
puppies may be raised successfully from 
birth. This development, as veterinarians 
will recognize, is unprecedented in view 
of the repeated failures of all previous 
efforts to formulate a suitable food to 
be used as a substitute for bitch’s milk. 
and the heretofore widely accepted belief 
that success in that direction was im- 
possible due to the fundamental differ- 
ences between bitch’s milk and any other 
available substitutes. 

The veterinary profession is the logical 
medium to interpret these new findings 
to the dog-owning public. Just as parents 
look to their physicians for scientific 
feeding information for infants, so may 
dog owners properly expect their veterin- 
arians, serving in the capacity of speci- 
alists in dog pediatrics, to offer them 





dependable guidance in feeding puppies. 

In order that the veterinary profession 
may have of the required 
technical and practical information, as 
was explained last month VETERINARY 
MepicinE has arranged to publish a 
series of articles on puppy nutrition as a 
foundation for the practice of dog pedia- 
trics. These articles are prepared in col- 
laboration with Dr. G. C. Supplee and 
J. H. LeWare, who sponsored and con- 
ducted the original experimental and 
clinical work at the Bainbridge labora- 
tories of the Borden Company. This is the 
second article of the series. 


possession 


HERE are two concepts of nutri- 

tion. One is the commonplace “full 
belly” view that naively regards nutri- 
tion as simply satisfying hunger. 

Pellagra, scurvy, beri-beri and rickets 
long have thrived among people who en- 
tertain the simple full stomach idea. The 
same concept persists among those dog 
owners who are delighted and often 
amazed that their dogs eat anything and 
everything that they give them—bones, 
table scraps, whatever is handy and 
cheap and fills the stomach. 


The mature concept of nutrition sees 
the problem as a nice balance of a qualita- 
tive and a quantitative equation. The 
equation becomes more highly compli- 
cated as more detailed consideration is 
given to the various functions of the 
body, the vital organs, and specific ‘re- 
quirements of the different species and 
the different age levels within each spe- 
cies. The concept of the well-informed on 
nutritional matters is concerned essentially 
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with dietary needs for optimal physiological 
functioning of the individual of the given 
species and age level. 


:* IS a universally observed fact in 
nature that the young of no species is 
equipped to assimilate and tolerate the 
dietary substances that more mature 
individuals thrive on. The kitten cannot 
catch mice, the puppy has no teeth to 
gnaw bones, and the human infant would 
reject beefsteak and onions. 

Nature in her intricate plan to per- 
petuate life has made special provisions 
for nourishing each newly-created indi- 
vidual of the various species. The seed- 
ling carries its own store of nutritive 
substances on which it grows until it 
develops roots. The young of the egg- 
laying creatures, fish, reptiles and birds, 
feed on the nutritive reserve contained 
within the eggs from which they hatch. 


ILK is an abstract collective term 

for the substances upon which the 
new-born among the mammals subsist 
until they can use normal adult food. 

The milk of the different mammals has 
only one primary aspect in common—its 
function, that of nourishing the young 
for which it was intended. There are as 
many kinds of milk as there are mammals. 
Each of these milks differs from all the 
others in the exact assembly of its chemi- 
cal entities, which in their delicately- 
balanced ensemble constitute the peculi- 
arities and specialized properties of the 
milk of the particular species. 

Gross analytical differences in the pro- 
portions of the primary components of 
various milks can be determined readily 
by standardized methods of analysis. 
Such abstract analytical results, however, 
fail to reveal the significance of physical 
relationships, trace substances, and com- 
plex balances between various constitu- 
ents which contribute to the specificity of 
properties as much as or even more than 
the variations revealed by analysis. 


T IS well-known that colostrum dif- 
fers in gross composition from the 
milk produced in later lactation. In fact, 
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the composition and intrinsic properties 
of colostrum change almost hourly. Even 
though these changes may, within limita- 
tions, be traced by analytical means, no 
empirical system of analysis has as yet 
purported to measure in exact terms the 
complete protective merits of the chang- 
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CHART I 


This chart shows the growth rate of 3 suckling pups 
during the first 8 days of life. Each pup was an 
average individual from different litters of small 
size. The difference in growth rate is attributed to 
the inherent character of the bitch’s milk as influ- 
enced by the state of nutrition of the mother at the 
time of parturition. The slope of the straight line 
graphs is mathematically determined by calculations 
commonly used in biometry. Such graphs serve as 
a reliable basis for comparing the prevailing rate 
of growth irrespective of daily variations. If the 
straight lines were parallel, even though at different 
levels, such a relationship would be interpreted as 
showing the same rate of growth, notwithstanding 
the fact that the lines did not coincide at the same 
weight range. 





ing colostrum designed by nature to 
establish the newborn on the path of 
normal extrauterine growth. 

The belief prevalent until recent years 
that the young could not survive without 
partaking of the colostrum was predi- 
cated upon the sound observation that the 
first mammary secretion contains mys- 
terious properties of a character beyond 
the scope of immediate understanding. 
However, much of the mystery attending 
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the life-sustaining properties of colos- 
trum has been dispelled and the accrued 
knowledge evolved from systematic study 
of nutrition and physiology has made 
possible the maintenance of early life 
without the aid of colostrum, as evi- 
denced by the progress made in the 
production of infant dietary products. 


Nevertheless, much remains to be 
learned of the properties of colostrum in 
conferring immunities, imparting resist- 
ance, promoting early growth and bring- 
ing to a state of proper functioning the 
vital organs and metabolic processes. 


These references to the characteristics 
and specificity of colostrum are included 
for the purpose of bringing into bold 
relief the hidden merits and specialized 
characteristics of milk as fabricated by 
nature for the survival of the young. 


HE exact nature of any milk is 

predestined to conform to the pat- 
tern of its species—the specificity of milk 
is predesigned for the particular use of 
the young which normally feed upon it. 


It is inevitable that this be so, for milk 


- derives from blood. Blood, common to all 


mammals, like milk, varies with the 
physiological needs and capacities of the 
different species. Even the blood of in- 
dividuals within certain species varies. 
For instance, there are several types 
of human blood, and a successful blood 
transfusion requires that the donor’s 
blood match that of the recipient. 


In the case of puppies nature original- 
ly planned a thoroughly satisfactory diet 
—bitch’s milk. Certain changes in canine 
environment accompanying the intensi- 
fication of civilization, along with disre- 
gard of basic prenatal and postnatal 
nutritional needs, have shown their 
effects on puppies and dams alike. To- 
day, bitch’s milk is no longer uniformly 
satisfactory ; frequently it is not avail- 
able. Thousands of emaciated puppies die 
every year because they cannot thrive on 
the meager milk of malnourished bitches. 
Additional thousands barely subsist to 
attain a gaunt shadow of adulthood. 





HE growth curves in Chart I show 
graphic évidence of the fact that 

the milk from different bitches, bred un- 
der typical conditions, differs in inherent 
nutritive value as reflected in lack of uni- 
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fication and alteration of particular milk 
components by appropriate treatment 
and processing procedures, and recogniz- 
ing also the trend of neglect in applica- 
tion of mature principles of nutrition 
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CHART II 


This chart shows the growth rate of 2 pups during the first 12 days of life. The first 6 days they 
suckled the bitch and were then weaned to the simulated bitch’s milk preparation. Each pup was an 
average individual from a different litter. The growth rate during the 6 day suckling period was satisfac- 
tory. Since the two straight line segments of each curve, calculated in accordance with principles used 
in biometry, are substantially of the same slope and would be practically parallel if extended, it is evi- 
dent that no significant change in rate of growth resulted from weaning to the prepared milk. Such results 
show that the simulated bitch’s milk is equivalent in nutritive value in these instances to that of the natural 


mother’s milk. 


formly optimum growth response in pup- 
pies feeding on it. Each curve charts the 
eight-day clinical growth record of pup- 
pies suckling their mother’s milk from 
the time of birth. One puppy gained 
about 375 grams in the 8-day period, an- 
other gained 175 grams, while the third 
gained only 75 grams. The three differ- 
ent rates of growth, reduced to a mathe- 
matical formula, are shown in the light, 
straight lines indicating the statistical 
slopes of the respective curves. 
Recognizing certain common 


char- 
acteristics in properties of the various 
components of all milk, and a certain 
degree of flexibility possible in the modi- 


in the feeding of puppies, the Borden Re- 
search Laboratories undertook to com- 
pound a simulated bitch’s milk that 
would prove satisfactory in raising young 
pups. The product of their researches, 
clinical evidence has proved, conforms 
to the specific nutritive pattern of normal 
bitch’s milk to a remarkable degree, espe- 
cially in view of the fact that important 
demonstrable properties have been not 
only attained, but retained in a final 
product in desiccated form. 

Examples of how efficacious this simu- 
lated bitch’s milk has proved in clinical 
feeding tests are shown in the graphs 
in Chart II. The irregular lines record 
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the daily weight gain of two puppies for 
12 and 11 days respectively after whelp- 
ing. On the sixth day and the fifth day 
respectively (indicated in the graph by 
the arrows) the puppies were taken from 
their mothers and put on bottled feed- 
ings of the simulated bitch’s milk. Study 
of the statistical slopes, which reduce 
the weight gain rates to mathematical 
formulas, reveals that there was virtually 
no change or interruption in the rate of 
growth. In one case the growth rate 
was accelerated slightly and in the other 
it was reduced almost imperceptibly. In 
other words, the demonstrated biological 
value of the simulated milk was virtually 
identical to that of natural mother’s milk. 


LMOST every veterinarian and dog 

breeder has encountered the urgent 
need for an adequate substitute for bitch’s 
milk. The abundant literature on “acid 
milk” and on “squealers” attests the fre- 
quency with which nutritional disturb- 
ances are observed in young puppies. 

The most obvious, imperative need for 
substitute feeding arises when the dam 
dies and leaves a litter of puppies. Re- 
cently the front pages of newspapers 
throughout the country featured the 
story of how the lives of a litter of 
orphaned puppies were saved when a 
foster bitch was flown by airplane to wet 
nurse them. 

Not all motherless pups are so fortun- 
ate as to obtain wet nurse service via air- 
plane or otherwise. Valuable orphan pup- 
pies die every day because no foster 
mother is at hand and because pups can- 
not thrive on cow’s milk—even when, in 
conformity to a much-honored fallacy, it 
is mixed with lime water or with egg 
yolk or both. 

Less dramatic but more frequent is the 
need for artificial feeding of. puppies 
whose mothers fail to lactate because of 
malnutrition, inherent physiological dis- 
ability, disease or emotional imbalance. 
Too early or too frequent breeding are 
among the common causes of poor lacta- 
tion among bitches. If sufficient time is 
not allowed between litters for recovery 
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of the dam from whelping and to permit 
her to build up her system, she not only 
will be unable to feed her puppies well, 
but she will sacrifice her own physical 
well-being in the effort. Artificial feeding 
offers a means of saving both the mother 
and the puppies in cases of too hasty 
breeding. It also offers possibilities of 
success in more frequent breeding than 
heretofore has proved sound. 

A common condition where artificial 
feeding is indicated is that in which the 
dam’s milk supply is of standard quality 
but deficient as to quantity. This is 
a particularly critical situation when the 
litter is large and there is not enough 
milk for all. The German registry asso- 
ciations limit to five or six the number 
of puppies in a litter to be saved because 
it is their opinion that only this number 
of perfect specimens of the breed of 
a type creditable to the registry can be 
raised by one dam. 


ANY bitches produce milk on which 
M puppies fail to thrive because the 
milk is not of suitable quality. Two pos- 
sible remedies now present themselves. 
A procedure which has proved effective 
in clinical work is artificial feeding of 
the puppies at birth or soon after. It is 
safe to say that where the quality of the 
bitch’s milk is doubtful or where ability 
to improve that quality is questionable, 
prompt feeding of artificial bitch’s milk 
to the puppies is indicated. Delays in 
attempting to improve the dam’s condi- 
tion often are futile and may prove dis- 
astrous to the litter. The alternative pro- 
cedure, which offers many promising 
possibilities, is an effort to improve the 
quality of the bitch’s milk by feeding her 
liberal quantities of simulated bitch’s 
milk to supply her with the nutritive 
elements her lactating functions require 
to make milk for the puppies. Effective- 
ness of such feeding is limited, neces- 
sarily, to cases where the etiology of the 
condition involves malnutrition of the 
bitch, either prenatal or postnatal. 

The expression “milk of unsuitable 
quality” has many popular interpreta- 
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tions, few of which approach a true 
explanation. Fundamentally the com- 
position of milk of any species may be 
influenced by the diet of the mother. 
However, such influences as have been 
clearly proved by scientific experimenta- 
tion do not affect the ensemble of all 
vital properties of milk either qualita- 
tively or quantitatively to an extent that 
can logically account for much of the 
mortality among puppies within the 5 to 
10 day age period. 


HE failure of pups to grow, develop 
and thrive normally on bitch’s milk 
during a normal sucking period clearly 
reveals certain deficiciencies in the quali- 
tative character of that milk and thus 
presents a problem entirely different in 
character from the matter of inadequate 
quantity of milk available. Those quali- 
tative deficiencies in bitch’s milk which 
permit the young to obtain sufficient 
nourishment for subsistence but insuffi- 
cient for normal growth and development 
may be, and in a great majority of cases 
are, due to an inadequate and improperly 
balanced diet of the bitch during the pre- 
natal period as well as during lactation. 
Any change in the dietary regimen for 
the better, therefore, is automatically re- 
flected in an improved nutritional balance 
in the bitch’s milk, provided of course 
the dam is not afflicted with disease and 
is a normal animal subject to response 
from an appropriate dietary. . 
Numerous empirical studies with lab- 
oratory animals have indicated clearly that 
the failure of adequate lactation as well 
as impoverishment of the milk in respect 
to certain essentials may be traceable to 
inadequate amounts of the vitamin B 
complex in the diet of the mother. At 
least well-controlled experimental data 
have shown improvement in lactation 
and consequent improvement in growth 
of the sucklings by adding increased 
amounts of this important group’ of 
dietary factors. The mechanism by which 
this improvement is brought about is 
not known positively. Recent reports in 
scientific literature indicate the activity 
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of vitamin B in stimulating lactation is a 
function analogous to that attributed to 
hormones. 

Not only has favorable evidence trace- 
able to the vitamin B complex been dem- 
onstrated, but many data are also avail- 
able which argue favorably for the im 
portance and significance of an optimum 
interrelationship or balance between 
various vitamins. Since vitamin B is one 
of the accessory factors best established 
in respect to its growth-promoting 
properties, it is obvious that natural milk 
or any artificial milk preparation intended 
primarily for the feeding of the young 
should carry adequate amounts of this 
factor. As logical corollary it also fol- 
lows that such a prepared milk product 
will from this standpoint alone be ad- 
vantageous for feeding the bitch during 
the prenatal and lactation period. Not 
only should a milk designed for the 
successful artificial feeding of puppies 
obviously be properly balanced in respect 
to its components, their selection and 
ease of digestibility and assimilation, and 
not only should it be advantageous as a 
supplement to bitch’s milk as well as the 
sole article of diet for puppies, but such 
a product also should prove to be most 
admirably suited for supplementing the 
normal dietary of the adult dog, especial- 
ly pregnant and lactating animals. 

Supplementing as well as _ comple- 
menting the adult human dietary with 
cow’s milk is a practice urged by all 
medical and _ nutritional authorities. 
Therefore, since a simulated bitch’s milk 
fulfilling the nutritive requirements of 
the natural product is available, the com- 
plementing and supplementing value of 
such milk for suckling bitches requires 
no exhaustive argument. 


The veterinarian in the practice of a 
canine pediatrics will find a comprehen- 
sive knowledge of canine nutrition use- 
ful. The unique properties of bitch’s 
milk which differentiate it from the milk 
of all other species and the special nutri- 
tive requirements of puppies will be con- 
sidered in detail in succeeding articles. 
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Acute Peritonitis and Spleenitis in 
a Dog 

March 14, 1938, a dark brindle, four-year- 
old, male dog, a Boston terrier-dachshund 
cross, was presented to the veterinary clinic 
of Kansas State College for treatment. The 
history was as follows: 

Three weeks prior to this date the animal 
had never been ill, was very active, and ap- 
peared at all times to be in the best of 
physical condition. One evening during the 
last week in February he was seized while 
asleep with acute abdominal pains. For over 
an hour he cried continually, almost scream- 
ing, and showed fear of being touched on 
any part of the body. He was reluctant to 
move, sitting with the right thigh and side 
against the floor, or standing with back 
arched, and looking back to the right or left 
flank, most often to the latter. 

The dog soon recovered from this attack, 
and the following morning he appeared 
normal and was active as usual. 

Approximately 36 hours later, however, 
a second attack occurred, and another fol- 
lowed in approximately 12 hours. Each at- 
tack lasted for almost an hour. Subsequent 
to the third attack, two and one-half days 
of apparent recovery elapsed before the 
fourth spasm of pain was noted. 

At this time the owner consulted a vet- 
erinarian. On examination the patient was 
found to be constipated. This condition was 
corrected by an enema, and the dog was 
then ‘washed through.” The veterinarian 
also prescribed daily treatments, which were 
carefully followed. 

Intermittent attacks of one-half to one 
and one-half hours duration recurred at 
12, 24, 48 or even 72-hour intervals. It was 
noted that the animal suffered no loss of 
appetite or, apparently, of physical condi- 
tion, but only became depressed during the 
time that pain was in evidence. 

After three weeks of such experience the 
owner submitted the patient to the clinical 
staff at Kansas State College. 

Examination revealed a temperature of 
101.5° F°., pulse 85, respirations 20, and 
normal mucous membranes. On palpation 
the dog was found to be extremely sensi- 
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tive over the lumbar region. Visceral palpa- 
tion was impossible because of the reflex 
tenseness of the abdominal muscles. Feces 
were of normal consistency and color. A 
microscopical fecal examination (sugar flo- 
tation method) failed to disclose any para- 
site eggs. 

The patient was observed during the at- 
tacks. Each was attended by symptoms iden- 
tical to those described, without any eleva- 
tion in temperature or increased pulse, al- 
though the respirations quickened from 
normal to 30 and 35 per minute. 

X-ray pictures were made in an effort 
to determine if foreign bodies, calculi, lithi- 
asis, or ossification of the intravertebral 
cartilaginous discs were responsible for the 
diseased condition. These gave negative re- 
sults. Specific examination of the blood and 
urine were made and the results recorded 
as follows: 

The urine showed excessive amounts of 
albumen and uric acid. A number of pus 
cells were present also. Examination of the 
blood showed the total red cell count to be 
7,100,000 (normal), and the total white cell 
count to be 30,000, or 18,000 above normal. 
The Schilling differential white cell count 
showed a definite left shift: stabs 47%, seg- 
menters 30%, juveniles 8%, lymphocytes 
6.5%, monocytes 5%, Tuerck’s cells 2.5%, 
eosinophiles 1%. These data indicated that 
the diseased condition was due to bacterial 
invasion and the liberation of toxins. It was 
not, however, determined which organ or 
organs of the body were affected. The fol- 
lowing medicinal treatment was instituted : 

Sulfanilamide was administered in five- 
grain doses per os four times a day along 
with application of diathermy to the ab- 
dominal and lumbar regions twice daily for 
15-minute periods. The patient showed 
gradual improvement for the first four days 
after initiation of this treatment. On the 
fourth day a differential white cell count 
showed a marked shift to the right, which 
was encouraging in so far as the blood pic- 
ture was concerned: stabs 25%, segmenters 
43%, juveniles 0%, Tuerck’s cells 0%, 
lymphocytes 18.5%, monocytes 12.5%, eos- 
inophiles 1%. 

The patient appeared the same the fifth 
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day, and the blood picture showed very 
little deviation from that of the fourth day. 
After the fifth day, however, although the 
treatment was continued, the patient be- 
came worse, and his blood picture showed a 
left shift. The ninth day a differential count 
showed stabs 53%, segmenters 30%, juve- 
niles 10%, lymphocytes 2.5%, monocytes 
1.5%, Tuerck’s cells 2%, eosinophiles 1%. 
This corresponded to the clinical symptoms, 
and indicated that the invading organisms 
and liberated toxins were overcoming the 
body defenses. At this time the spasms be- 
came more frequent and were of longer 
duration, although the temperature and 
pulse remained normal and the respirations 
ranged from normal to 30 or 35 per min- 
ute. During the intervals between spasms 
the patient appeared dull and experienced a 
gradual loss of appetite, but remained in 
apparently excellent physical condition. It 
was necessary to resort to forced feeding 
the ninth and tenth days. The eleventh day 
found the patient in constant acute pain and 
the blood picture now showed a more de- 
cided left shift: stabs 55%, segmenters 
20%, juveniles 15%, Tuerck’s cells 5%, 
lymphocytes 3%, monocytes 1%, eosino- 
philes 1%. Since the prognosis was unfa- 
vorable on the basis of both clinical symp- 
toms and laboratory findings, euthanasia 
was carried out. 

Post mortem showed a diffuse spleenitis, 
peritonitis and interstitial nephritis. The 
spleen was enlarged to three times its nor- 
mal size, mottled a blue-gray and red color 
and contained abscesses. One abscess had 
recently ruptured and discharged its con- 
tents into the peritoneal cavity. The peri- 
toneum was intensely congested, inflamed, 
and thickened from one-eighth to one-fourth 
inch. Changes in the kidneys, which ap- 
peared to be secondary, revealed prolifera- 
tion of the interstitial connective tissue. 

This case shows the value of the Schilling 
differential white cell, especially where a 
diagnosis is impossible by other means. Al- 
though in this instance it did not lead to a 
definite diagnosis, it did show bacteria and 
their toxins to be the etiological factors in 
producing the clinical symptoms, and this 
information made it possible to treat the 
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patient properly, as the post-mortem find- 
ings later proved. The improvement shown 
during the first four days of treatment in- 
dicates that it might have been possible to 
save the animal’s life had it been presented 
to the clinic when the first symptoms ap- 
peared. 
Lon E Foote, K.S.C. ’38. 
Manhattan, Kans. 
f 7 dj 5 A 

Brucella Abortus in the Horse 

Duff (J. Comp. Path & Therap. 50(3): 
151) reports an extremely valuable investi- 
gation of the significance of Brucella infec- 
tion of horses in Great Britain. Two series 
of horses suffering from fistulous withers or 
poll-evil were examined for the presence of 
Brucella infection. Out of 85 horses show- 
ing unruptured lesions, in 68 instances Bru- 
cella was isolated and the abscess fluid and 
blood contained specific antibodies in titres 
varying from 1 to 20 to 1 to 1280. Inci- 
dentally the blood titre rarely exceeded the 
titre of the abscess fluid. 

In a further 91 cases of animals with rup- 
tured lesions all but six gave positive sero- 
logical reactions, titres varying between 
1:20 and 1: 1280. 

As was expected, Brucella infection oc- 
curred more commonly amongst older 
horses and there was no difference of inci- 
dence between the sexes. In most cases 
where the horses were in contact with cattle 
as a rule the cattle were infected with 
contagious abortion. 

Therapy, using dead vaccine, was tried 
in 134 horses suffering from _fistulous 
withers or poll-evil. Of these 35 also re- 
ceived surgical treatment and recovered. Of 
those which received only vaccination treat- 
ment 60 recovered. Two 10cc doses of vac- 
cine were usually sufficient in simple cases, 
but where secondary invaders were present 
or extensive necrosis had occurred surgical 
interference was almost essential. Recur- 
rence of trouble, when it occurred, generally 
responded well to further injections. Vac- 
cination of Brucella-infected horses with 
big doses of dead Brucella vaccine resulted 
in powerful local allergic reactions accom- 
panied by fever and often followed by local 
slough —E. J, P. Abst. in Vet. Rec. 





:DICINE 


1 find- 
shown 
ent in- 
ible to 
‘sented 
ns ap- 


"38. 


rse 
10(3): 
nvesti- 
infec- 
serics 
lers Or 
nce of 
show- 
s Bru- 
id and 
titres 
Inci- 
ed the 


h rup- 
. sero- 
tween 


mn oc- 
older 
F inci- 
cases 
cattle 
with 


tried 
‘tulous 
O re- 
d. Of 
treat- 
F vac- 
cases, 
“esent 
rgical 
ecur- 
erally 
Vac- 
with 
ulted 
com- 
local 


JULY, 1938 


Abstracts 


Destination of Capsules in Sheep 

Experiments on sheep, conducted by 
Engl’® revealed that the peroral administra- 
tion of pills and capsules does not excite 
the esophageal reflex. The pills and cap- 
sules are deposited usually in the rumen or 
the reticulum where they disintegrate. Very 
rarely do they reach the omasum or aboma- 
sum, regardless of the method or vehicle of 
application. 

q i : : 


Trichinosis in Hawaii 

A survey of the fauna of the Hawaiian 
islands? has shown that trichine are present 
in the rat, mongoose, and in both the feral 
and the domestic hog on the island of 
Hawaii, and in the mongoose and rat on the 
island of Maui. In addition to the findings 
in this survey, eleven cases of human trichi- 
nosis have been reported from these islands. 
Just what part rats and mongooses play in 
the spread of trichinosis to swine is not 
definitely known, 
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Prevalence of Trichinosis 
Increasing 

The number of clinical cases of trichi- 
nosis reported’® to the U. S. Public Health 
Service for the years 1915-36 is 2,968. 
With the 1,575 cases compiled by Ransom 
for the years 1842-1914, altogether 4,543 
cases of trichinosis have been diagnosed 
and recorded in the United States during 
a period of 94 years. 

To supplement the trichinosis reports of 
the U. S. Public Health Service, a compila- 
tion of all cases of trichinosis published in 
medical journals has been made. The total 
number of all clinical cases of trichinosis 
recorded in the United States since 1842 
amounts to between 5,000 and 6,000. In 
post-mortem examinations by various au- 
thors and in various parts of the United 

* Engl, D., 1938. The Road of Travel of Pills and Cap- 
—e to Sheep. (Transl. title.) Vet. Arhiv 

% Alicata, J. E., 1938. A study of Trichinella Spiralis 
in the Hawaiian Islands. Publ. Health Rep’ts 3:384-393. 


*’ Sawitz, W., 1938. Prevalence of Trichinosis in the 
United States. U. S. Publ. Health Rep’ts 53:365-383. 
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States, 410 Trichinella-infected cases were 
found out of 3,322 cases examined, an inci- 
dence of 12.34%. This average percentage, 
applied to the living population of the 
United States, would mean that 16,000,000 
people in this country are infected with 
Trichinella spiralis. 
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Paralysis of Ducklings 

In ducklings four to five weeks old an 
enzootic disease ™! has been observed which 
is characterized by a general paralysis, 
dypsnea, and diarrhea. The duration of 
the disease is about one week. The mortality 
is 50%. The non-fatal cases recover quickly 
and without treatment. 

Autopsy reveals changes in the gizzard 
muscles and its cuticle, in the skeletal mus- 
cles, and in the intestinal mucosa. On cross 
section the gizzard muscle exhibits greyish 
to yellowish-brown areas of hyaline degen- 
eration. The cuticle of the gizzard discloses 
ulcers of a penetrating, and often hemor- 
rhagic nature; often this tissue is torn and 
appears edamatous. An intestinal catarrh 
is present. It is believed that seeds of the 
meadow saffron play an etiological rdle. 
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Blacktongue Protective Foods 

Whole whey powder, delactosed whey 
powder, and American cheese are poor 
sources of the blacktongue-preventive fac- 
tor.8t Ten grams of American cheese per 
kilo body weight apparently approach the 
limit which dogs can tolerate. It does not 
seem that amounts larger than these will 
result in more significant findings. 

In the experiment three groups of five 
dogs each were placed on a basic black- 
tongue-producing diet, and the above named 
feeds were added as supplements to the re- 
spective groups. Practically all the dogs 
developed blacktongue after periods vary- 
ing from 15 days to 216 days. A few dogs 
merely exhibited transient buccal symptoms 
suggestive of incipient blacktongue without 
having definite acute attacks of the disease. 
~ 18 Seifried, O., and E. Heidegger. Muscle dystrophy in 
young ducks (Trans. title). Arch. Tierheilk 70:122-137. 

‘1 Sebrell, W. H., et al., 1938. The Blacktongue-Preven- 


tive Value of Whey and Cheese. Publ. Health Rep’ts 53: 
72-83. 
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Temperature of Parturient Bitches 


Observation®® on 13 pregnant bitches re- 
vealed that about 5 to 29 hours before 
whelping the body temperature, which aver- 
ages at that time about 38.1°C. (100.6°F.), 
drops between 0.3 and 2.0°C. In some cases 
the temperature fell to 36.2 to 36.9°C. In 
most cases the fall in temperature stopped 
at about 37.3°C. (99.1°F.). When the 
bitches whelped the temperature rose again 
to about 37.5 to 39.3°C. (average height 
38.6°C.). In two cases in which after a 
fall in temperature the temperature had 
risen again, but the labors did not continue, 
it became necessary to deliver the puppies 
by extraction. Thus by watching the fall of 
temperature in bitches one can almost de- 
termine the time when the bitch will whelp. 
If after a fall in temperature the tempera- 
ture rises rapidly, this indicates that whelp- 
ing is in process and that if not productive 
extraction may be necessary. 
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Sulfanilamide and Other Sulphur 
Compounds 


Several new derivatives of sulfanilamide 
and disulfanilamide have been prepared 
and tested against streptococci and pneu- 
mococci.** Sulfanil p-amino-anilide proved 
to be slightly superior to sulfanilamide. It 
has been confirmed that when disulfanila- 
mide is injected in oil, much more favorable 
results are obtained than when given orally. 
Diamino-diphenylsulphone was found to 
be approximately 30 times as active against 
streptococci as sulfanilamide, but its high 
toxicity makes its therapeutic index only 
two times as favorable. The formaldehyde 
sulfoxylate derivative, on subcutaneous in- 
jection has a therapeutic index approxi- 
mately five times as good as sulfanilamide 
orally. 

The acetyl derivative possesses a thera- 
peutic index more than six times as high as 
sulfanilamide against streptococcal infec- 
tions in mice. Against pneumococcal infec- 

% Liebenberger, J. The Fall of Temperature in Bitches 
as a Sign of Approaching Birth. (Transl. title.) Spisy 
Vysoké Skoly Zverolekarske 14:61.70. 

% Bauer, H., and S. M. Rosenthal, 1938. Some New 


Sulphur Compounds Active Against Bacterial Infections. 
Publ. Health Rep’ts 53:40-49. 
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tions in mice these three sulfones are all 
superior to sulfanilamide. 
? 7 v if 
Yellow in Dogs a Deficiency 
Disease 
A symptom complex in dogs similar to 
that previously described by Sebrell as 
“yellow liver”, has been produced in dogs 
on a diet low in riboflavin.*? The disease 
is characterized by bradycardia, cardiac 
arhythmia, collapse, and coma. Death fol- 
lows rapidly. The necropsy findings include 
a yellow mottling of the liver and degener- 
ative changes in the central nervous system. 
The condition is alleviated by early, paren- 
teral administration of riboflavin. 
? i g tA 


Toxicology of Selenium 
Selenium oxychloride, SeOCl2, used as 
a solvent and plasticizer, is toxic and ex- 
tremely vesicant.8° When 0.0lcc is applied 
to the skin of rabbits, death occurs in less 
than 24 hours. The toxic action of selenium 
oxychloride is in part attributable to the 
selenium absorbed, as evidenced by the 
presence of.the element in the blood and 
liver of animals so treated. When applied 
to the skin of man selenium oxychloride 
produces a third-degree burn which is pain- 
ful and slow to heal. Immediate flushing 
with water will hydrolyze the SeOCl, rap- 
idly so that no burn results. 
A fi v 7 


Myiasis in Wild Animals 

Wildlife serves as a considerable source 
of infestation from the screwworm.** This 
fact makes the screwworm control in live- 
stock more difficult. The predisposing 
causes which render animals subject to fly 
attack are gunshot wounds, boils, disease, 
birth of young, injury by predators, fight- 
ing, and brush and wire cuts. Infested wild 
animals should be treated whenever prac- 
ticable. Maggot-infested carcasses should 
be burned promptly. Effective control of 
screwworms in livestock should result in 
fewer attacks on wildlife. 
Riboflavin 
Publ. 


82 Sebrell, W. H., and R. H. Onstott, 1938. 
Deficiency in Dogs. Publ. Health Rep’ts 53:83-94. 
5 Dudley, H. C., 1938. Toxicology of Selenium. 
Health Rep’ ts .* 94-98. 

86 Lindquist, W., 


Myiasis in Wild Animals in South: 
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